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(S) Expandable transluminal graft prosthesis for repair of aneurysm and method for implanting. 

@ A transluminal grafting system for grafting a 
prosthesis (1,12) to the wall (2) of a lumen 
includes a tubular graft (1) provided with spring 
assemblies (12) and anchoring barbs (205). The 
prosthesis is mounted on an apertured tubular 
carrier (21) and a central control means (26) is 
inserted into the bore of the apertured carrier. 
Mooring loops (36) are attached to the pros- 
thesis, pass through the apertures (29) of the 
tubular carrier, and engage the central control 
means. An introducer sheath covers the system 
for smooth insertion into a lumen. When the 
graft has been positioned, the central control 
means maintains the axial position of the pros- 
thesis. When the introducer sheath (4) is pulled, 
the prosthesis is exposed and the spring as- 
semblies return to an expanded state and 
anchor the graft against the internal wall of the 
lumen. 
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The invention relates to an arrangement for per- 
cutaneously positioning a graft within a lumen. 

The abdominal aorta is prone to aneurysmal di- 
lation bewteen the renal and iliac arteries, and is oc- 
casionally unable to withstand arterial pressures so 
that dilation tends to progress to a point where rup- 
ture is likely. Highly invasive conventional repair such 
as described in U.S. Patent No.3,657,744 is expen- 
sive and life threatening. The invention, however, is 
not limited to aortic aneurysm repair and has applica- 
tions in a variety of situations in which corporeal lu- 
men repair is required. 

There are several devices already existing which 
are stated to be useful for the remote repair of corpor- 
eal lumens, such as described in U.S. Patent 
No. 4, 51 2,338, (Balko et a!). The exact position of both 
ends of the prostheses is very important due to the 
proximity of vital arteries to the ends of the aneurysm, 
and the condition of the lumen at the points of attach- 
ment. 

U.S. Patent No.4,140,126, (Choudhury), disclo- 
ses another device for repairing an aneurysm. 

U.S. Patent No.4 ,787,899, (Lazarus), describes 
another system for positioning a graft within a body 
lumen. 

The report, 'Percutaneously Placed Endovascu- 
lar Grafts for Aortic Aneurysms: Feasibility Study', 
from the Department of Diagnostic Radiology, Uni- 
versity of Texas M.D. Anderson Cancer Center, print- 
ed in 1 70 Radiology 1 033-37 (1 989), deals with a self- 
expanding graft consisting of several stents connect- 
ed in a chain. In the feasibility study, there is descri- 
bed an arrangement in which a prosthesis is pushed 
into a tubular outer sheath by a blunt tipped wire. 
When the outer sheath is removed, the wire is held 
tight on the proximal end of the assembly and that 
has the effect of expanding and/or buckling the pros- 
thesis within the sheath. That makes withdrawal of 
the sheath difficult, and it also has the effect of mov- 
ing the prosthesis out of alignment from its desired lo- 
cation. 

Endovascular repair of abdominal aortic aneur- 
ysm avoids much of the morbidity and mortality asso- 
ciated with conventional surgery. Most patients with 
abdominal aortic aneurysm lack a segment of non-di- 
lated aorta suitable for attachment of the down stream 
(caudal) end of a straight (single-lumen) endovascu- 
lar graft. In these patients a more secure outflow is 
provided by attaching the two caudal ends of a bifur- 
cated graft to the iliac arteries. 

The caudal ends of bifurcated grafts cannot ex- 
tend to the sites of arterial access in the groin without 
impairing internal iliac arterial flow, which is an impor- 
tant source of spinal and colonic perfusion after aortic 
aneurysm repair. Therefore, direct control of the cau- 
dal ends of bifurcated grafts is not possible, resulting 
in a tendency to kinking, twisting and displacement, 
all of which have complicated previous attempts to ap- 



ply this approach. The devices and techniques descri- 
bed below provide a means of accurate, hemostatic 
and permanent insertion of a bifurcated graft, with 
provision for the prevention of correction of these po- 

5 tential complications. 

According to the present invention, there is pro- 
vided an arrangement as defined in claim 1. 

The invention provides a coupling between a plur- 
ality of spring expanding assemblies that provides a 

10 relatively flexible prosthesis during insertion, a rela- 
tively rigid prosthesis after attachment, and also 
maintains the alignment of the springs when the pros- 
thesis is compressed by an extrusion device applied 
to one end. 

15 One embodiment of the present invention pro- 

vides a flexible spring alignment and compression re- 
sistance assembly comprising a first and second 
spring expanding assembly each having a plurality of 
apertures; a plurality of retaining shafts each having 

20 a first end and a second end, the shafts having a di- 
ameter equal to or smaller than the apertures of the 
first and second spring expanding assemblies, the 
first end of each of the retaining shafts slideably in- 
serted into one of the apertures of the first spring ex- 

25 panding assembly and the second end of each of the 
retaining shafts slideably inserted into one of the 
apertures of the second spring expanding assembly, 
a first protrusion attached to each of said first ends 
and a second protrusion attached to each of said seo 

30 ond ends, the protrusions larger than the apertures 
of the first and the second spring expanding assem- 
blies to prevent the protrusions from passing through 
the apertures. 

Another embodiment provides a flexible spring 

35 alignment and compression resistance assembly 
comprising a first spring expanding assembly having 
a plurality of apertures; a second spring expanding 
assembly; a plurality of retaining shafts each having 
a first end and a second end, the shafts having a di- 

40 ameter equal to or smaller than the apertures of the 
first spring expanding assembly, the first end of each 
of the retaining shafts slideably inserted into one of 
the apertures of the first spring expanding assembly 
and the second end of each of the retaining shafts at- 

45 tached to the second spring expanding assembly, a 
protrusion attached to each of said first ends, the pro- 
trusions larger than the apertures in the first spring 
expanding assembly to prevent the protrusions from 
passing through the apertures. 

so In certain embodiments of the invention, the re- 

taining means is an elongated member extending 
within the prosthesis and one or more connections 
are made between the elongated member and the 
spring(s) and/or graft of the prosthesis. It is prefer- 

55 able for each connection to be made to the prosthesis 
at a location which is well spaced from the proximal 
end of the member. In that way, during the removal 
of the sheath, the reactionary force on the said mem- 
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ber will be applied towards the distal end of the pros- 
thesis, and the expansion and distortion effects men- 
tioned above in the Gianturco reference, will conse- 
quently be avoided. 

The foregoing problems are also solved and an- 
other technical advance is achieved by an illustrative 
transluminal arrangement for positioning a prosthesis 
assembly in a particular bifurcated lumen. The bifur- 
cated lumen includes, for example, the main lumen of 
the aorta and the branch lumens of the common iliac 
arteries. An aneurysm is commonly found in the aorta 
just proximal the branching of the common iliac arter- 
ies. A prosthesis assembly for positioning in the 
aneurysm of the bifurcated lumen includes a bifurcat- 
ed endovascular graft having a main body and first 
and second limbs extending therefrom. The assembly 
also includes main and branch limb spring assemblies 
each having a compresses state. The main bore 
spring assembly radially expands to substantially 
conform the main body of the graft to the interior wall 
of the aortal lumen. The ipsilateral and contralateral 
limb spring assemblies radially expand to conform 
the limbs of the graft to the interior walls of the branch 
lumens of the ipsilateral and contralateral iliac arter- 
ies. The transluminal arrangement comprises con- 
tainers such as sheaths for containing each of the 
spring assemblies in a compressed state and a retain- 
er assembly positioned in the main and ipsilateral 
bores of the graft for retaining the prosthesis assem- 
bly at the aneurysm in the bifurcated lumen while the 
main outer sleeve is withdraw from the prosthesis as- 
sembly, thereby releasing the main spring assembly 
from its compressed state. Branch limb retainer 
means attached to the ipsilateral and contralateral 
spring assemlies retain these spring assemblies in re- 
spective container sheaths. 

The main container includes an outer sheath with 
a longitudinal bore wherein the prosthesis assembly 
is positioned. The ipsilateral and contralateral con- 
tainers each include a sheath with a longitudinal bore 
wherein the ipsilateral and contralateral spring as- 
semblies are positioned and contained in their com- 
pressed state. 

The main retainer assembly of the transluminal 
arrangement comprises an elongated member hav- 
ing a dilator head at the distal end thereof, a main at- 
tachment assembly for temporarily attaching the main 
spring assembly to the elongated member and a 
branch limb attachment assembly for temporarily at- 
taching the branch limb spring assembly to the elon- 
gated member. An inner catheter is positioned 
through the elongated member for releasing at least 
one of the main and ipsilateral attachment assemblies 
either during or after removal of the main and first 
sheaths. A control limb delivery catheter forms a sec- 
ond release assemly, which is temporarily attached to 
the contralateral spring assembly with an attachment 
suture extending therethrough for releasing the con- 



tralateral spring assembly when positioned in the 
contralateral common iliac artery. 

The main and ipsilateral attachment assemblies 
each comprise attachment sutures for temporarily 

5 pulling the main and ipsilateral spring assemblies in- 
wardly to their compressed state when the prosthesis 
assembly is positioned within the main sheath. 

The transluminal arrangement also includes a 
method of positioning the prosthesis assembly at the 

10 aneurysm in the bifurcated lumen. The method in- 
cludes providing cross access to the branch lumens 
and inserting a cross femoral wire guide between the 
branch access sites. The transluminal arrangement is 
positioned in the bifurcated lumen via the ipsitateral 

is access site. The outer sheath is withdrawn from the 
prosthesis assembly and the contralateral lift is posi- 
tioned with the aid of the cross femoral guide pulling 
the control limb delivery catheter of the transluminal 
arrangement. The attachment sutures are released 

20 from the prosthesis assembly when positioned at the 
aneurysm in the bifurcated lumen allowing the main 
spring assembly to radially expand and conform the 
graft to the aorta. The branch limb containers of the 
transluminal arrangement are also withdrawn from 

25 the branch spring assemblies which then radially ex- 
pand the ipsilateral and contralateral limbs of the 
graft to the common iliac arteries so as to advanta- 
geously prevent retrograde flow of blood back to the 
aneurysm. Similarly, the main spring assembly con- 

30 forms the cranial orifice of the main body of the graft 
to the wall of the aorta preventing antegrade flow of 
blood into the aneurysm. 

Brief description of the drawings 

35 

FIG.1 is a side view of a tubular graft of an em- 
bodiment; 

FIG.2 is a side view of a spring expanding assem- 
bly of the embodiment; 
40 FIG. 3 is a top cross-sectional view of a spring ex- 

panding assembly shown in FIG.2 taken along A- 
A; 

FIG.4 is a top cross-sectional view of a spring ex- 
panding assembly shown in FIG.2 taken along B- 
45 B; 

FIG. 5 is a side view of alternative elbows of the 
spring expanding assembly of another embodi- 
ment; 

FIG.6 shows a spring expanding assembly (with 
so a barb attached) sutured to the graft; 

FIG.7 is a side view of a flexible spring alignment 
and compression resistance assembly; 
FIG.8 shows the elbow and retaining bar of the 
flexible spring alignment and compression resis- 
55 tance assembly of FIG.7; 

FIGS.9-A and 9-B are longitudinal cross- 
sectional views of two compressed and two un- 
compressed spring expanding assemblies re- 
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spectively which are connected by the flexible 
spring alignment and compression resistance as- 
sembly of FIG.7; 

FIG. 10 is a side-view of a flexible spring align- 
ment and compression resistance assembly and 5 
shows the retaining bar rigidly attached to one of 
the spring expanding assemblies; 
FIG. 11 is a longitudinal cross-sectional view of a 
tubular carrier shown with a dilator head at the 
distal (upstream) end; 10 
FIG. 12 is a longitudinal cross-sectional view of a 
"muzzle loading" apparatus; 
FIG. 13 is a longitudinal cross-sectional view of 
the proximal (downstream) end of the introducer 
sheath; 15 
FIG. 14 is a longitudinal cross-sectional view of 
the aorta and iliac arteries and shows a dilator 
head, introducer sheath, tubular carrier, arteriot- 
omy, and central control means; 
FIG. 15 is a longitudinal cross-sectional view of 20 
the aorta and iliac arteries and shows a graft im- 
planted in the aorta on either side of an aneur- 
ysm; 

FIGS. 16 and 17 are longitudinal cross-sectional 
views of an apertured tubular carrier showing 25 
mooring loops and central control means; 
FIG. 18 is a longitudinal cross-sectional view of an 
alternative means of graft attachment; 
FIG.1 9 is a longitudinal cross-sectional view of an 
occlusive umbrella; 30 
FIG.20 is a longitudinal cross-sectional view of 
the aorta and the iliac arteries showing the use 
of a graft in conjunction with an occlusive umbrel- 
la and a femoro-femoral graft; 

FIG.21 depicts a segment of a self-expanding 35 
stent; 

FIG. 22 depicts a bifurcated graft; 

FIG.23 depicts a carrier of an embodiment; 

FIGS.24 and 25 depict alternative embodiments 

of a sheath with a tapered cranial external sur- 40 

face; 

FIGS.26 and 27 depict a carrier of another em- 
bodiment; 

FIG.28 depicts tubular extensions sutured to a 
graft of an embodiment: 45 
FIG.29 depicts an alternative mechanism for at- 
taching the tubular extensions to a graft; 
FIG.30 depicts a single loop of suture material for 
applying traction to a caudal limb; 
FIG.31 depicts attachment to multiple points on a so 
caudal limb; 

FIGS.32 and 33 depict catheter side ports for al- 
lowing traction to be applied at multiple points; 
FIG.34 depicts tension transmitted through a 
short suture; 55 
FIGS.35 and 36 depict a caudal limb control cath- 
eter of the caudal limb control system; 
FIG.37 depicts a suture encircling a catheter of 



the contralateral lumen access guidance system; 
FIG. 38 depicts access to the ipsilateral limb lu- 
men by an insertion delivery wire; 
FIG. 39 depicts a distal stent insertion device of 
the present invention; 

FIG. 40 depicts a contralateral limb straightening 
device; 

FIG. 41 depicts an alternative limb straightening 
device; 

FIG. 42 is a sectioned view of a twist-preventing, 
double lumen catheter; 

FIG. 43 depicts a partially sectioned view of a 
transluminal arrangement of the present inven- 
tion for positioning a prosthesis assembly at a 
particular position in a bifurcated lumen; 
FIG. 44 depicts a partially sectioned side view of 
ipsilateral limb spring assembly of the prosthesis 
assembly and stent boot of the transluminal ar- 
rangement of FIG. 43; 

FIG. 45 depicts a partially sectioned side view of 
contralateral spring assembly of the prosthesis 
assembly and control limb delivery catheter of 
FIG. 43; 

FIG. 46 depicts a partially sectioned side view of 
contralateral stent boot temporarily attached to 
control limb delivery catheter of FIG. 45; 
FIG. 47 depicts a prosthesis assembly of the 
present invention positioned in the bifurcated lu- 
men of the aorta and common iliac arteries ex- 
tending therefrom; and 

FIGs. 48 and 49 depict the method of deploying 
a cross femoral wire guide between femoral ac- 
cess sites positioned on opposite sides of the 
groin. 

The graft 1 shown in FIG. 1 is in the form of an 
elongated cylindrical tube defining a longitudinal bore 
that is multiply crimped 3, or folded over to facilitate 
the compression and expansion of the graft as the di- 
ameter 5 of the graft decreases and increases. Trans- 
verse elasticity may also be achieved or enhanced 
through inherent properties of either the weave or 
constituent fibers used to construct the graft 1. The 
graft 1 is preferably constructed from a material such 
as woven multifilament polyester (such as Dacron™), 
which is known to be sufficiently biologically inert, 
non-biodegradable, and durable to permit safe inser- 
tion inside the human body. Any material with such 
qualities may be used, however. Polyester is also 
known to excite fibrous ingrowth which will secure the 
graft 1 to the wall of the lumen within a few months 
of its insertion. 

The typical graft 1 is of fixed length and relatively 
inelastic along its longitudinal axis. A variable length 
graft may also be used and could be constructed by 
either having two pieces of graft, one inserted within 
the other in a telescopic arrangement, capable of be- 
ing manipulated within the body, or having one con- 
tinuous piece of material that is folded back on itself. 
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A spring within this area of the graft ensures apposi- 
tion of the various layers at this level; the outer layers 
having a slightly smaller maximum diameter to pro- 
vide a buttress against which the spring can expand 
in the absence of a secure arterial wall. Variability of 
length may also be achieved by providing elasticity 
along the longitudinal axis of the graft as a property 
of graft material or by having one or more elastic sec- 
tions of such material within the main body of the 
graft 

The spring assembly 6 of FIG. 2 includes arms 1 5 
which are bent to form elbows 7. Surgical barbs 10 
having sharp tips 13 are attached to the arms 15 and 
protrude from the elbows 7. FIG. 3 is a top cross- 
sectional view of the spring assembly 6 of FIG. 2 tak- 
en along A- A showing six elbows 7 and associated 
barbs 10. FIG. 4 is a top cross-sectional view of the 
spring assembly 6 taken along B-B showing twelve 
arms 15 which extend from the six elbows 7 shown 
in FIGs. 2 and 3. A spring assembly 6 is typically 
formed from a continuous piece of fine gauge stain- 
less steel spring wire that, if opened out, would ap- 
pear in the shape of a zig-zag with multiple elbows 7. 
FIG. 5 shows that these elbows 7 may be simple ar- 
ches 7, recurved arches 42, or a per tu red 60. The ad- 
vantage of simple arches 7 is that the spring assem- 
bly 6 expands the longitudinal aperture of the graft 1 
more evenly. The advantage of the recurved arches 
42 is that they collapse more readily and are more 
durable. The apertured elbows 60 are used in the 
flexible spring alignment and compression resistance 
assembly. The two ends of the piece of bent wire are 
permanently attached end-to-end so as to form a cir- 
cular structure, e.g., FIGs. 2, 3 and 4. FIG. 6 shows 
a portion of the spring assembly 6 with a barb 10 at- 
tached to an arm 15 of the spring assembly 6. The 
spring assembly 6 is sutured to the graft 1 with a non- 
biodegradable thread 36. The spring assembly 6 may 
also be constructed out of other inert metals such as 
titanium, or a plastic. When expanded, the spring as- 
sembly 6 is circular in shape when viewed from 
above, and may have a diameter, when in a relaxed 
state, equal to approximately twice the diameter of a 
lumen into which the graft 1 is to be inserted. The 
spring assembly 6 is typically attached to the inside 
of the cylindrical graft 1 at the distal (upstream) end 
or both ends of the graft 1 by sutures 36 of non- bio- 
degradable material. The sutures 36 attach to the 
spring assembly 6 in such a way that the majority of 
the spring assembly 6 is covered by the graft material 
1. Other embodiments may incorporate spring as- 
semblies 6 being attached to the outside of the tubu- 
lar graft 1 which would present a smoother surface to 
the flowing blood but has the drawback that the graft 
1 would be in less intimate contact with the wall of the 
lumen. 

The spring assembly 6 on the distal (upstream) 
end of the graft 1 has small surgical barbs 10 firmly 



attached to the spring assembly 6. The spring assem- 
bly 6 at the proximal (downstream) end of the graft 
may also be provided with barbs. The attachment of 
the barbs 10 to the graft or spring assembly 6 must 

5 be permanent and can be either welded, brazed, or 
coupled in a fashion that is both biologically accept- 
able, and yet strong enough to withstand long-term 
stress. These barbs 10 spread radially outward from 
the longitudinal axis of the graft 1 , such that when the 

10 spring assembly 6 opens inside the lumen, the barb 
tips 13 will come into contact with and engage the wall 
of the blood vessel to be repaired. The barb tips 13 
will become imbedded in the wail through both the 
driving action of the spring assembly 6 and the pres- 

15 sure created by the flow of blood through the graft 1 . 
The barb tips 13 are sharp and may be curved slightly 
downward toward the graft 1 to provide a more secure 
anchor in the direction of blood flow. The barbs 1 0 are 
positioned so that they are further upstream than the 

20 elbows 7 of the distal (upstream) spring assembly 12, 
and are of such a size that the wall of the blood vessel 
is not punctured or pierced when the barb tips 1 3 are 
firmly embedded therein. Attaching the barbs 10 to 
the spring assembly 6 via shafts bonded to the spring 

25 assembly 6 at the middle of one of the two arms 15 
extending from an elbow 7 of the spring assembly 6 
permits the barb tip 13 to slightly retract or rotate 
when compressed for loading into the introducer 
sheath 4 (as best seen in FIG. 6). 

30 Though the spring assembly 6 is typically sutured 

only to the ends of the graft 1 , several such spring as- 
semblies 6 may also be connected to one another for 
added strength. This is necessary in embodiments of 
the prosthesis that require the graft to resist com- 

35 pression during removal from the introducer 4. Some 
flexibility is retained by connecting the spring assem- 
blies 6 to each other in a way that permits separation 
(but not overlapping or misalignment) of adjacent 
spring elbows 60. Fig. 7 illustrates such a flexible 

40 spring alignment and compression resistance assem- 
bly 49 and shows a first spring arm 50 and a second 
spring arm 52 connected via a retaining bar 54. The 
retaining bar 54 is constructed of fine gauge wire with 
a protrusion 56 at each end. FIG. 8 shows a modified 

45 elbow 60 and includes an aperture 58 provided to re- 
ceive the retaining bar 54. The retaining bar 54 slides 
through apertures 58 provided in the modified elbows 
60 of adjacent arms 50 and 52. The rigidity of the re- 
taining bar 54 prevents overlapping during compres- 

50 sive loading of the prosthesis, while the protrusions 
56 prevent disassociation of the joints during flexion 
of the graft which might otherwise disrupt the chain 
of springs 50 and 52. The shaft 62 of the retaining bar 
54 has a diameter slightly smaller than aperture 58 

55 and the protrusion 56 has a diameter slightly larger 
than the aperture 58. The slidably mounted retaining 
bars 54 allow arms 52 and 54 to separate but prevent 
arms 52 and 54 from sliding over one another. 
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It is desirable that the joint between the spring as- 
semblies 6 be flexible during the introduction and rel- 
atively rigid once the graft has been implanted. As 
shown in FIGs. 9-Aand 9-B, the joint is more flexible 
when the spring assemblies 64 and 66 are com- 5 
pressed (i.e., during insertion) and relatively rigid 
when the spring assemblies 64 and 66 are in an un- 
compressed state (i.e., after implantation). FIGs. 9-A 
and 9-B show a first spring assembly 64 connected to 
a second spring assembly 66 by a flexible spring w 
alignment and compression resistance assembly 49. 
FIG. 9-A shows the spring assemblies 64 and 66 in a 
compressed state and FIG. 9-B shows the spring as- 
semblies 64 and 66 in an uncompressed state. Angle 
a represents the maximum angle between spring as- is 
semblies 64 and 66 when the springs are in a com- 
pressed state and angle p represents the maximum 
angle between spring assemblies 64 and 66 when the 
springs are in an uncompressed state. Thus, the an- 
gle between spring assemblies 64 and 66 decreases 20 
with an increase in the transverse diameter of spring 
assemblies 64 and 66. The angle of flexion will be 
largest when spring expanding assemblies 64 and 66 
are in a compressed state (diameter d,) and the angle 
of flexion will be smallest when spring expanding as- 25 
semblies 64 and 66 are in an uncompressed state (di- 
ameter d 2 ). Thus, because a is larger than p, the pros- 
thesis becomes more rigid as its diameter increases. 
During insertion, the graft 1 is confined within the in- 
troducer sheath 4 and remains both narrow and flex- 30 
ible. After removal from the sheath 4 the graft 1 ex- 
pands becoming more rigid. 

The retaining bar 54 may also be non-slidably at- 
tached at one (but not both) of its ends to one of the 
spring expanding assemblies 51 as shown in FIG. 10. 35 

FIG. 11 shows a tubular carrier 21 which has a di- 
lator head 22 mounted at the distal (upstream) end. 
The dilator head 22 may have a distal (upstream) con- 
ical portion 75 and a proximal (downstream) cylindri- 
cal portion 74. The dilator head 22 may have a soft 40 
tipped guide- wire 68 protruding from its distal (up- 
stream) end. The cylindrical portion 74 of the dilator 
22 has a diameter d equal to the internal diameter of 
the introducer sheat 4. 

FIG. 12 shows the assembled "muzzle loading" 45 
apparatus and includes a tubular carrier 21 with a di- 
lator head 22 at the distal (upstream) end; dilator head 
Hp 27; introducer sheath 4; graft 1 which is slid onto 
the tubular carrier 21 ; distal (upstream) spring assem- 
bly 12; proximal (downstream) spring assembly 31; 50 
central control means 26 which is inserted into the 
tubular carrier 21 ; distal (upstream) end 8 of the graft 
1; proximal (downstream) 9 end of the graft 1; and 
non-biodegradable sutures 36 that permanently at- 
tach the spring assemblies 12 and 31 to the graft 1. 55 
If the outer diameter of the tubular carrier 21 is equal 
to the internal diameter of the introducer sheath 4, 
leakage of blood between the two is minimal. Alterna- 



tively, the introducer sheath 4 may be closed at its 
proximal (downstream) end by a small rubber seal 70 
as shown in FIG. 13 which has an aperture 72 for re- 
ceiving the carrier 21. 

"Muzzle loading" involves inserting the graft 1, 
already counted on the tubular carrier 21 , into the dis- 
tal (upstream) end of the introducer sheath 4 before 
insertion of the introducer sheath 4 into the lumen. 
"Breech loading" involves inserting the graft 1 into 
the introducer sheath 4 from the proximal (down- 
stream) end of the sheath 4, after the introducer 
sheath 4 has been inserted into the patient and is in 
position. 

"Muzzle loading" has two main advantages that 
make it the preferred means of operation. The first 
advantage of "muzzle loading" over "breech loading" 
is the lower probability of hemorrhage. In the "breech 
loading" technique, the dilator 22 must be removed 
before the graft 1 can be inserted, leaving the intro- 
ducer sheath 4 as a large conduit between the arterial 
circulation and the outside of the body. Any effective 
seal in the introducer sheath 4 will obstruct insertion 
of the graft 1 unless this is carried within a second 
sheath (with the consequent increase in size). The 
only other way to control the hemorrhage is to clamp 
the introducer sheath 4 on the outside, however, 
clamping is unlikely to be totally occlusive and may 
damage the introducer sheath 4. Moreover, the 
clamp must be removed to allow passage of the graft 
1 which produces another period of rapid hemor- 
rhage. 

The second advantage of "muzzle loading" over 
"breech loading" is that if a single sheath 4 is to be 
used in the "breech loading" technique, the graft 1 
must be placed within the introducer 4 at the time of 
operation. This can be a tricky procedure, especially 
when the outer end of the introducer sheath 4 is is- 
suing a continual stream of blood. 

FIG. 14 shows the common femoral artery 10; 
proximal (downstream) end 19 of the introducer 
sheath 4; tubular carrier 21; iliac artery 34; aorta 2; 
aortic aneurism 20; dilator head 22; and central con- 
trol means 26. FIG. 15 shows the graft 1 implanted in 
the aorta 2 at the site of the aortic aneurysm 20. 

In the "muzzle loading" technique the graft 1 is in- 
serted into the distal (upstream) end of the introducer 
sheath 4. The introducer sheath 4 is thin walled, 
smooth, flexible, sterilizable, non-toxic, and is tubular 
in form. The tubular carrier 21 fits inside the introduc- 
er sheath 4. A close match between the sizes of the 
sheath 4 and carrier 21 helps to eliminate any buck- 
ling of the tubular carrier 21 within the sheath 4 while 
simultaneously limiting the seepage of blood between 
the carrier 21 and the sheath 4. The tubular carrier 
21 has a dilator 22 attached to the distal (upstream) 
end which has a conical tip 75 to facilitate the atrau- 
matic passage of the apparatus from the groin into 
the upper end of the aneurysm. The dilator 22 is also 
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provided with a cylindrical portion 74 on its proximal 
(downstream) end which mates with the introducer 
sheath 4. 

The introducer sheath 4 fits over the cylindrical 
portion 74 of the dilator head 22. A tiny lip 27 at the 
junction between cylindrical portion 74 and conical 
portion 75 of the dilator head 22 overlaps the end of 
the introducer sheath 4 so that no edges are present- 
ed to the arterial lumen (or the thrombus that lines 
the aneurysm) during introduction of the apparatus. 
This reduces the trauma to vessels and minimizes the 
chance of dislodging a piece of thrombus that could 
embolize into the kidneys or lower limbs. 

The central control means 26 may take the form 
of a catheter which extends the entire length of the 
carrier to the tip of the dilator head 22 so that its lu- 
men can be used for the injection of angiographic dye 
or as a means of threading the apparatus over a pre- 
viously placed guide wire. Alternatively, the central 
control means 26 may pass all the way through the 
dilator head 22 and slide back and forth within the 
carrier 4 so that it may function as a guide wire itself. 
This has been found to be useful in the technique of 
percutaneous insertion. 

in the "breech loading" device, the introducer 
sheath 4 is a tubular structure having a uniform-diam- 
eter and is made of the same material as the "muzzle 
loading" introducer sheath 4. With this design, the 
tubular carrier 21 does not have a dilator 22 because 
the introducer sheath 4 can be carried into position 
around a standard dilator, which would then be re- 
moved before insertion of the tubular carrier 21 with 
the graft 1 . 

FIG. 16 shows the tubular carrier 21; mooring 
loops 39; central control wire 15; and apertures 29, 
29', 101, and 101' in the wall of tubular carrier 21. 

FIG. 17 shows the tubular carrier 21; mooring 
loops 39 and 39'; apertures 29, 29', 101 and 101' in 
the wall of the tubular carrier 21; and central control 
thread 25. 

All "muzzle loading" (and some "breech loading") 
devices use a central control means 26 that runs up 
the center of the tubular carrier 21 , to which the graft 
6 may be moored, and which is used for maintaining 
the axial position of the graft 1 during removal of the 
introducer sheath 4. This central control means 26 
can take one of several forms, including a flexible 
shaft 115 (such as a stainless steel wire or a narrow 
catheter) (as shown in FIG. 16) or a simple thread 25 
(as shown in FIG. 17) that passes up the center of the 
tubular carrier 21 , through the mooring loops 39 and 
39', and then doubles back through the center of the 
tubular carrier 21 to its point of origin outside the pa- 
tient. In the absence of mooring loops 39 and 39', this 
thread 25 can exit an aperture (29, 29', 101 and 1 01 '), 
pass through an elbow 7 of the spring assembly 6, tra- 
verse the apertures to the opposite elbow 7 of the 
spring assembly 6 (which it also encircles), pass back 



into the lumen of the carrier 21 through an aperture 
(29, 29', 101, and 101') and thereby return to the 
proximal end of the catheter 21. Release of the moor- 
ing loops 39 and 39' is accomplished by withdrawing 

5 the central control shaft 115 from the tubular carrier 
21 or by releasing one end of the central control 
thread 25, which is then removed from the tubular 
carrier 21 . If each end of the graft 1 is desired to be 
controlled and positioned independently of the other, 

10 the central control shaft 115 can be partially with- 
drawn to a point in between the two sets of mooring 
loops 39 and 39'. If the central control means 26 is a 
central control thread 25 (instead of a flexible shaft 
115), multiple threads 25 can be used, one for each 

15 set of mooring loops 39 and 39'. 

Because it has no dilator head, the carrier of the 
"breech loading" device need not traverse the graft 1 
to the distal (upstream) end of the introducer sheath 
4. Instead, it can end at the graft 1 which would be 

20 pushed rather than pulled from the sheath 4. No at- 
tachment to the graft 1 would then be needed, but the 
graft 1 would have to be more rigid and placement 
would be less precisely controlled. 

The "muzzle loading" method will now be descri- 

25 bed. To assemble the apparatus prior to insertion, the 
central control means 26 is inserted through the en- 
tire length of the tubular carrier 21, which, in turn, is 
inserted through the entire length of the introducer 
sheath 4. With the end of the tubular carrier 21 and 

30 central control means 26 protruding past the top of 
the introducer sheath 4, the graft 1 is slid over the di- 
lator head 22 and down the outside of the tubular car- 
rier 21 until positioned directly below the tapered di- 
lator head 22 of the tubular carrier 21. As shown in 

35 FIG. 16, the distal (upstream) end of the graft 1 is 
then moored around the central control means 26 
with a mooring loop 39 that engages the spring as- 
sembly 6, or is sutured to the graft 1. The mooring 
loop 39 enters the tubular carrier 21 via the aperture 

40 29 and 29' and forms a mooring loop 39 which engag- 
es the central control means 26 so that the mooring 
loops 39 cannot exit the carrier 21 while the control 
means 26 occupies the longitudinal opening of the 
tubular carrier 21. These mooring loops 39 will remain 

45 attached to the graft 1 or springs 6 after placement of 
the graft 1 . The mooring loops 39 are preferably made 
of a monofilament material of low thrombogenicity 
that in some applications may be biodegradable. 
When the central control means 26 is withdrawn, 

so mooring loops 39 are free to exit the tubular carrier 
21 . The proximal (downstream) end of the graft 1 can 
also be secured in the same manner through a sec- 
ond set of mooring loops 39' passing through a sec- 
ond set of apertures 101 and 101' in the tubular car- 

55 rier 21 , thereby facilitating independent positioning of 
the two ends of the graft 1. Once the graft 1 is com- 
pressed, the introducer sheath 4 is slid over the tub- 
ular carrier 21 and the edge of the introducer sheath 
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4 is fitted snugly against the lip 27 of the dilator head 
22. The barbs 10 on the distal (upstream) spring as- 
sembly 12 are completely covered by the introducer 
sheath 4. The apparatus is now ready for insertion. 

FIG. 18 is a longitudinal cross-sectional view of 
an alternative embodiment of the carrier catheter that 
employs a different form of central control means and 
shows cantilevered hooks 100, outer carrier 102, low- 
er catheter 104, and dilator head 22. In this embodi- 
ment, a pair of concentric catheters is bonded at the 
distal (upstream) end such that when the inner cath- 
eter 1 04 is pulled in the proximal (downstream) direc- 
tion from outside the body, the outer catheter 102 
bulges out The graft 1 is held in position on the outer 
catheter 102 by means of cantilevered hooks 100 at- 
tached to the outer surface of the outer catheter 102. 
These hooks 100 engage the spring assembly 6 of 
the graft 1 during insertion and prevent the graft 1 
from changing its axial position while the introducer 
sheath 4 is withdrawn. The graft 1 is released from 
the hooks 100 when the outer catheter 102 is with- 
drawn. 

These methods of securing the graft to the car- 
rier for selective release are required because the 
outward expansion of the graft against the sheath 
generates considerable friction that must be over- 
come in order to extrude the graft. Without such a 
mechanism, the graft would move with the sheath 
and would be imprecisely extruded. In order to mini- 
mize the forces involved in extrusion, the sheath is 
constructed of a material (such as Teflon™) which has 
a low friction surface or is coated with a lubricous ma- 
terial (such as hydragel polymer). 

The insertion procedure may be a surgical proce- 
dure or may be accomplished percutaneously using a 
guide wire. In the surgical approach, for example, the 
femoral artery 30 is exposed through a short groin in- 
cision. Heparin is administered intravenously, hemo- 
static clamps or bands are applied, and the femoral 
artery 30 is opened. The complete apparatus is in- 
serted into the open femoral artery 30, and is pushed 
through the femoral 30 and iliac 34 arteries into the 
aorta 2. The graft 1 is positioned so as to cover the 
entire length of the aortic aneurysm 20. Positioning 
is confirmed through fluoroscopy and angiography. 
Once the positioning has been confirmed, the intro- 
ducer sheat h 4 is pulled back exposing the distal (up- 
stream) barbed spring assembly 12 and part of the 
length of the graft 1. The springs expand driving the 
barb tips 13 into the wall of the aorta 2. Once the en- 
tire graft 1 is out of the introducer sheath 4 the central 
control means 26 is withdrawn. As the central control 
means 26 is withdrawn past the point where the graft 
1 is moored to the central control means 26 via the 
mooring loops 39, the mooring loops 39 will pass over 
the end of the central control means 26 and be free 
to pass through the apertures 29 and 29' in the tub- 
ular carrier 21 . Blood flow in the aorta 2 aids in open- 



ing up the multiply crimped middle portion of the graft 
1 . Placement is performed in two stages. First, the in- 
troducer sheath 4 is withdrawn to expose the distal 
(upstream) 8 half of the graft 1 which expands and at- 

5 taches to the wall of the aorta 2. The central control 
means 26 is then withdrawn to a point between the 
holes 29 and 29' and 101 and 101' in the tubular car- 
rier 21, leaving only the proximal (downstream) 9 end 
of the graft 1 attached to the carrier 21 . The proximal 

10 (downstream) 9 end of the graft 1 can then be posi- 
tioned independently of the distal (upstream) 8 end of 
the graft 1 . The introducer sheath 4 is then withdrawn 
over the proximal (downstream) spring assembly 31. 
When the proximal (downstream) 9 end of the graft 1 

15 is exposed it also expands under the action of the 
spring assembly 31, driving the barbs 10 (when pres- 
ent) into the wall of the aorta 2. The central control 
means 26 can then be withdrawn past the point 
where the central control means 26 engages the sec- 

20 ond set of mooring loops 39', thereby releasing the 
graft 1 completely. After the proximal (downstream) 
spring assembly 31 has been released, the tubular 
carrier 21, central control means 26, and introducer 
sheath 4 are removed from the patient's body. The fe- 

25 moral artery 30 is then repaired and the wound 
closed. 

Aortic aneurysms frequently encompass the en- 
tire distal aorta. In these cases, there is no normal 
aorta between the aneurysm and the iliac arteries. In 
30 order to provide a secure arterial wall for the attach- 
ment of the proximal (downstream) end of the graft, 
the graft may be placed from the infra renal aorta, 
above the aneurysm, into the iliac artery on the side 
of insertion. Such an application also requires con- 
35 ventional femoro-femoral arterial bypass to restore 
continuity of the circulation to the contralateral limb 
and the insertion of an occlusive umbrella to prevent 
retrograde flow through the contralateral common 
iliac artery into the aneurysm. FIG. 19 is a longitudi- 
40 nal cross-sectional view of an occlusive umbrella 80. 
The graft 82 is open proximal ly, but closed distal ly, 
forming an inverted picket 86, which is capped by a 
blunt tip dilator 90. A barbed 92 spring assembly 88 
expands the open end of the graft 82. An umbrella 
45 catheter 110 having a longitudinal bore is attached to 
the inside of the dilator 90 and extends through the 
central axis of the umbrella 80. A pusher catheter 95 
is abutted against the umbrella catheter 110 so that 
the longitudinal openings 111 and 112 are in align- 
so ment. A central pusher wire 93 is inserted through the 
longitudinal opening 112 of the pusher catheter 95 
and through the longitudinal opening 111 of the um- 
brella catheter 110 until the central pusher wire 93 
rests against the blunt tip dilator 90. 
55 FIG. 20 shows an aneurysm 20 that extends from 

the aorta 2 to an iliac artery 34. The graft 1 is inserted 
so that it forms a conduit from the aorta 2 to the iliac 
artery 34. A conventional femoro-femoral bypass 
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graft 94 is used to convey blood from the side receiv- 
ing the entire aortic blood flow through the proximal 
end of the graft to the other limb. The occlusive um- 
brella 80 prevents arterial blood (which enters the 
iliac artery 34 via the femoro-femoral bypass 94) from 
"backing up" into the area between the graft 1 and the 
aneurysm 20. 

Prior to insertion, the occlusive umbrella 80 is 
squeezed into the distal (upstream) end of introducer 
sheath 4, until the introducer sheath 4 engages the 
blunt tip dilator 90 and the umbrella catheter 110 
meets the pusher catheter 95. The umbrella catheter 
110 and the pusher catheter 95 are kept in alignment 
by the central pusher wire 93 inserted through longi- 
tudinal openings 111 and 112. The apparatus is intro- 
duced into the femoral artery 30 through a longitudi- 
nal arteriotomy and advanced into the common iliac 
artery 34. The pusher 95 passes through the lumen 
of a flexible, thin walled, introducer sheath 4. The oc- 
clusive umbrella 80 is extruded from the introducer 
sheath 4 by applying force to the pusher 95 and cen- 
tral pusher wire 93 while pulling on the introducer 
sheath 4. Once the springs 88 and hoots 92 are out 
of the confines of the introducer sheath 4 they ex- 
pand onto the arterial wall securing the umbrella 80. 
The pusher catheter 95, pusherwire 93, and introduc- 
er sheath 4 are then withdrawn from the femoral ar- 
tery 30 through the arteriotomy. The arteriotomy is 
then anastomosed to the distal end of the femoro-fe- 
moral bypass 94. 

When a "breech loading" introducer sheath is 
used, the sheath must first be inserted (over a dilator) 
through the femoral artery to the proximal end of the 
aneurysm. This can be done percutaneously or via an 
arteriotomy in the isolated femoral artery. The dilator 
is then removed, the sheath clamped, and the graft 
inserted. The graft is forced down the introducer 
sheath by a control catheter, wire or rod, which may 
traverse the lumen of the graft and attach the distal 
end of the graft to the control device or may end blunt- 
ly at the lower end of the graft. The latter requires that 
the graft be sufficiently rigid to withstand the com- 
pression necessary to overcome the considerable 
friction between the sheath and the graft. 

Hereinafter described is a bifurcated endovascu- 
lar graft 150 and the method of insertion thereof for 
repair of abdominal aortic aneurysm. Bifurcated graft 
insertion system 160 comprises prosthesis 170 
(graf t/stent combination), prosthesis delivery system 
186, distal limb control system 190, distal stent inser- 
tion device 140, distal limb straightening device 130, 
and twist preventing catheter 120. Many features of 
the introducer system and the prosthesis are to be 
found in the various embodiments of the tubular graft 
insertion system. The others are unique to the bifur- 
cated graft. 

The prosthesis comprises a graft and one or 
more stents. Stents occupy the lumen of the graft or- 



ifices. Stents expand the graft and fix it in position. 

All stents are preferably of the self-expanding 
(Gianturco) type of which a segment 201 is depicted 
in FIG. 21 . A complete loop of wire is bent back and 

5 forth to form a crown or wheel with recurved points 
202 between straight limbs 203. The length and num- 
ber of limbs vary depending on the materials, the size 
of the vessel to be grafted, and the size constraints 
of the introducer system. However, the resting (non- 

10 deformed) diameter of a stent always exceeds the di- 
ameter of the vessels to be grafted. Cranial stents are 
attached to the graft. Bends, protrusions or other sur- 
face irregularities on the stents are used as a point of 
attachment 204. Protrusions may take the form of 

15 catheters or wires, which may be glued, soldered, or 
brazed to the stent. All cranial stents bear barbs 205. 
These sharp metal barbs project outward from the 
surface of the stent. The barb points caudally, cranial- 
ly, or in both directions. They are soldered, brazed or 

20 glued to a stent at any point. The number of barbs is 
variable. Caudal stents are used with and without 
barbs. 

Depicted in FIG. 22 is bifurcated graft 206 having 
a cranial orifice 207 and at least two caudal orifices 

25 208 and 209. The graft resembles trousers. The graft 
includes a main body 250 and caudal limbs 210 and 
213 extending therefrom. Main body 250 includes 
main bore 251 extending longitudinally therein and 
having cranial orifice 207. Caudal limb 210 includes 

30 bore 252 extending longitudinally therein, communi- 
cating with main bore 251, and having caudal orifice 
209. Caudal limb 213 includes bore 253 extending 
longitudinally therein, communicating with main bore 
251, and having caudal orifice 208. 

35 Grafts are knitted or woven in one piece from a 

durable yarn such as polyester. There are no seams. 
An element of elasticity may be incorporated as a 
property of the fabric or by subsequent treatments 
such as crimping. The dimensions of the graft vary 

40 according to the dimensions of the infra-renal aorta 
and the common iliac arteries. In each patient a graft 
will be selected that has diameters that exceed those 
of the recipient vessels. 

In the majority of cases it is important to preserve 

45 blood flow through the internal iliac arteries. There- 
fore, most grafts will be of such a length that caudal 
orifices 208 and 209 lie in the common iliac arteries. 
An alternative embodiment uses grafts that extend 
through the entire common and external iliac arteries 

so to exit the arterial tree via the femoral arteries. The 
caudal limb of such a graft may be perforated or con- 
structed of very porous material to permit continued 
perfusion of the internal iliac artery by leakage. 
Contralateral graft limb 210 on the side opposite 

55 to the side of insertion is marked with radio-opaque 
lines or imageable markers 211 and 212. These lines 
are woven into the cloth of the graft or applied after 
weaving. The lines may be continuous or interrupted. 
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These tines or markers need be only imageable with 
any commercially available medical imaging equip- 
ment such as x-rays, CT, MRI, or the like. The radio- 
opaque line is a fine wire or chain of inert metal. Al- 
ternatively, the line is incorporated into an inert paint 
or plastic. The ipsilateral graft limb 213 needs only at 
least two radio-opaque markers 214 and 215 at cau- 
dal orifice 208. 

Prosthesis delivery system 180 comprises cen- 
tral carrier 216 and co-axial introducer sheath 217. 
The introducer sheath has a constant diameter and 
wall thickness. The internal diameter of the sheath 
corresponds to the external diameter of the central 
carrier along two regions. One region is located cau- 
dally at carrier shaft 218, and the other region is lo- 
cated cranially at carrier head 219. In between these 
two regions is much narrower carrier stem region 220. 

The introducer sheath is a thin-walled, large- bore 
catheter made of flexible, inert plastic with a low 
coefficient of friction. The wall of the sheath incorpor- 
ates mechanisms to resist kinking (such as an internal 
wrap of metal wire). The sheath is of constant diam- 
eter and wall thickness, except at cranial orifice 223 
where external surface 221 of the sheath tapers to 
meet outer surface 222 of carrier head 219 in a 
smooth transition as depicted in the preferred and al- 
ternative embodiments of FIGs. 24 and 25. Caudal 
end 224 of the sheath as depicted in FIG. 26 includes 
a hemostatic seal 225, which engages outer surface 
226 of the carrier shaft 218. The seal incorporates a 
well-known lock 227 to grip t he carrier shaft 226 tight- 
ly during introduction and prevent premature expos- 
ure of prosthesis 228. The length of the sheath de- 
pends on the length of the central carrier. The sheath 
must cover the entire carrier stem and overlap por- 
tions of the carrier head and the carrier shaft. 

As depicted in FIGs. 26 and 27, central carrier 
216 includes inner catheter 229 and a co-axial outer 
catheter 230. The inner catheter is of constant diam- 
eter and wall thickness. Caudal end 231 of the inner 
catheter has an injection port 232. Outer catheter 230 
has a more complicated construction. Internal lumen 

233 matches the outer diameter of inner catheter 229, 
but the outer diameter of the outer catheter varies. 
Distal ly, the outer diameter corresponds to the inner 
diameter of the introducer sheat as depicted in the 
embodiment of FIG. 24. This segment of the outer 
catheter is carrier head 219. Another small dilation 

234 as depicted in FIG. 25 is immediately distal to the 
end of introducer sheath 217, to further enhance the 
smooth transition from carrier head 219 to sheath 
217. 

The internal diameter of the introducer sheath 
about the caudal end thereof also matches the exter- 
nal diameter of the caudal segment of carrier shaft 
218. The narrower segment of the central carrier be- 
tween carrier head 219 and carrier shaft 21 8 is carrier 
stem 220. During insertion, prosthesis 228 and its as- 



sociated catheter systems are compressed into the 
space between introducer sheath 217 and carrier 
stem 220. 

As depicted in FIG. 23, two pairs of holes 235 and 
5 236 traverse the outer catheter of the carrier stem, 
one pair at each end of prosthesis 228. As depicted 
in FIG. 27, small loops of suture 237 and 238 wind 
around inner catheter 229 at this point, entering and 
exiting the lumen of outer catheter 230 through the 
10 holes. These sutures, as well as suture loops 239 and 
240, also traverse some part of prosthesis 228, there- 
by attaching both ends of the prosthesis to the central 
carrier. Loops 237-240 (and the prosthesis) are re- 
leased by removal of inner catheter 229. It is impor- 
ts tant that the two loops of each set do not cross, other- 
wise the resulting linkage will prevent release from 
the central carrier despite removal of the inner cath- 
eter. 

As depicted in FIG. 26, caudal end 241 of inner 

20 and outer catheters 229 and 230 has a short flexible 
extension (with dimensions and structure similar to 
carrier stem 220). Both inner and outer catheters 
have injection ports 232 and 242, respectively, at the 
caudal end of this extension. The injection ports may 

25 be locked together with well-known lock 243 to pre- 
vent premature removal of the inner catheter. 

As depicted in FIG. 23, cranial end 244 of the car- 
rier shaft (or the caudal end of carrier stem 220) in- 
cludes annular groove 245 for attachment of the cat h- 

30 eters and sutures. 

The diameter of carrier head 219 and shaft 218 
are determined by the diameter of introducer sheath 
217, which in turn is dictated by the volume of the 
prosthesis. The minimum length of the carrier stem 

35 is the distance from the proximal end of the aneurysm 
to the skin of the groin. The maximum length of the 
carrier shaft is the length of the introducer sheath 
(which must exceed the length of the carrier stem). 
Therefore, central carrier 216 is at least twice as long 

40 as the iliac artery and aneurysm combined. 

The mechanisms of caudal limb control will now 
be described. All caudal limb control mechanisms ex- 
tend from caudal ends of limbs 210 and 213 of graft 
206 to the level of the skin. Caudal limb control mech- 

45 anisms take the form of detachable tubular exten- 
sions 246 and 247 of the graft as depicted in FIGs 28 
and 29, or, alternatively, combinations of catheters 
and/or sutures as depicted in FIGs. 32-35. Both 
mechanisms must be amenable to controlled release 

so from the graft by manipulations of the caudal end 
thereof which extends outside the body. 

As depicted in FIG. 28, tubular extensions 246 
and 247 are sutured to the respective caudal ends of 
x limbs 213 and 210 of graft 206 by chain stitches 248 

55 and 249, which unravel when cut. These chain stitch- 
es are anchored by respective locking stitches 250 
and 251. An alternative mechanism depicted in FIG. 
29 involves loops of suture 252 and 253 that pass 
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along the wall of respective tubular extensions 246 
and 247 to the conjunction with graft 206. 

Alternatively, as depicted in FIG. 30, a single loop 
of suture material 254 is used as the primary means 
of applying traction to one point on the end of the cau- 
dal limb 210. Attachment to multiple points on the end 
of caudal lift 210 is depicted in FIG. 31. When the one 
side of caudal limb control suture 254 is cut, traction 
on the other side pulls the end of the suture through 
the graft and out of the body. Enclosing the suture in 
catheter 255 reduces the chances of inadvertent tan- 
gling. Side ports 256 on catheter 255 in FIG. 32 and 
multiple side ports 257 and 258 on catheter 255 in 
FIG. 33 allow traction to be applied to more then one 
point on the graft without necessarily approximating 
the wall of limb 210. Knot 259 ensures that suture 254 
comes out with catheter 255 when the ends are freed 
by dividing both sides of the loop. Catheter/suture 
combinations can also serve more than one function, 
because the tension is only transmitted through 
shortest suture 260 as depicted in FIG. 34. Traction 
on catheter 255 does not tighten suture 261 until su- 
ture 260 is cut. 

However, the two functions of limb control and 
guided access to the graft lumen can only be per- 
formed simultaneously if they are performed by sep- 
arate catheters. FIG. 35 depicts caudal limb control 
catheter 255 of contralateral limb 210. Caudal limb 
control system 262 includes catheter 255 and suture 
263. 

As depicted in FIG. 36, guided access to the cau- 
dal lumen of contralateral limb 210 is provided by a 
catheter 264 which is moored to the central carrier in 
the same manner as loops 237 and 238 on the pros- 
thesis. Contralateral lumen access guidance system 
265 becomes tense and inflexible when traction is ap- 
plied to its outer end. When tense, it functions as a 
guide wire within the lumen of the stent insertion de- 
vice 140 as depicted in FIG. 39. Contralateral limb ac- 
cess guidance system 265 is released from central 
carrier 216 when inner catheter 229 is removed. 
Mooring loop 266 is attached to the end of the cath- 
eter or passes through its lumen to the caudal end 
(where a cannot prevents suture retraction). Sutures 
that are tied through side holes 267 in the catheter 
have a tendency to pull out when tension is applied 
unless the suture also encircles part of the catheter 
to distribute traction more evenly as depicted in FIG. 
37. 

As depicted in FIG. 38, access to the lumen of the 
ipsilateral limb 213 is guided by the same wire that is 
used for angiography and for insertion of the delivery 
system. If traction is to be maintained during insertion 
of a stent on the ipsilateral side, a caudal limb control 
catheter 254 is also required on ipsilateral distal limb 
213. 

The orientation of the contralateral limb (and as- 
sociated catheters) to the carrier must be constant, 



because any twists are subsequently reproduced in 
the relative orientation of the two distal limbs. As an 
additional precaution, the location of contralateral 
limb 210 is marked on the outside of the delivery sys- 
5 tern. 

Catheters may be made of any plastic that is flex- 
ible yet strong enough to hold sutures with extreme 
thin-walled construction. All sutures should be strong 
yet fine enough to pass through small catheters. They 

10 should also have a low coefficient of friction, to en- 
hance removal at the end of the procedure. Many 
monofilament and coated multifilament sutures satis- 
fy these criteria. Catheters must be long enough to be 
accessible at the groin when the contralateral limb 

15 has been pulled into position. 

Depicted in FIG. 39 is caudal stent insertion de- 
vice 140 including stent pusher 271 and outer sheath 
268. The basic structure and function of the caudal 
stent insertion device is similar to prosthesis delivery 

20 system 1 80. 

Caudal stent insertion device introducer sheath 
268 is of constant diameter and wall thickness, except 
at cranial orifice 269 where the external surface of 
the sheath tapers to meet the surface of pusher head 

25 270 in a smooth transition. The sheath is made of 
flexible, inert plastic with a low coefficient of friction. 
The wall of the sheath may incorporate mechanisms 
to resist kinking (such as an internal wrap of metal 
wire). At the cranial end of stent pusher 271 is pusher 

30 head 270, which has an external diameter that match- 
es the internal diameter of the introducer sheath. 
Pusher shaft 272 also matches the diameter of the in- 
troducer sheath. Between the two is a narrow pusher 
stem 273, which passes through the center of caudal 

35 stent 275. 

Depicted in FIG. 40 is contralateral limb straight- 
ening device 130 for orienting the position of contral- 
ateral limb 210 of graft 206. Translocation of the con- 
tralateral limb of the bifurcated graft can produce 

40 twists. Straightening device 1 30 is advanced over the 
distal limb control system onto the end of the distal 
limb and rotated to remove twists. The contralateral 
limb straightening device is a catheter or small gauge 
dilator with a fish-mouth split at cranial end 274. The 

45 terminal split occupies a plane that also contains the 
long axis of the device. When traction is applied to su- 
ture 254 of the contralateral distal limb control sys- 
tem, the suture is pulled into the catheter approximat- 
ing the two walls of the graft. The flattened contralat- 

50 eral limb then slides into the slot of the advancing 
straightening device. Torsion on the device is trans- 
mitted to the end of the graft to straighten any twists. 

Depicted in FIG. 41 is an alternative limb straight- 
ening device 131 designed primarily for use with the 

55 system of tubular graft extensions 246 and 247. The 
alternative device is a dilator with a soft rounded tip 
and a bulbous dDation 1 32 at cranial end 133. The di- 
latation is pushed into a narrowing of the tubular ex- 
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tension, which is maintained under tension by traction 
on the caudal end. The tight fit enables torsional for- 
ces to be transmitted to the graft through friction at 
the surface of the dilatation. In the absence of the 
tubular graft extensions, the alternative limb straight- 
ening device is advanced over contralateral lumen ac- 
cess guidance system 265. The dilatation then en- 
gages the inner aspect of the distal limb orifice 209. 
Alternatively, the dilatation may take the form of a 
balloon, which is inflated inside caudal limb 210. 
Whatever form the straightener takes, it must be long 
enough to reach the end of the caudal limb from the 
femoral arteriotomy. The diameter is variable, de- 
pending on the mechanism of graft attachment. The 
device must be flexible, yet resist deformation when 
torsional stresses are applied to the caudal end. 

Depicted in FIG. 42 is a sectioned view twist- 
preventing, double lumen catheter 120. This soft, 
flexible catheter has two lumens 121 and 122. One is 
occupied by the cross femoral catheter, while the 
other is occupied by the angiographic catheter (or 
wire). Cranial end 123 is slightly tapered for ease of 
insertion. The catheter resists torsion so that the rel- 
ative orientation of the two lumens is maintained. The 
twist- preventing, double lumen catheter is inserted to 
the point where the two catheters diverge, one pass- 
ing through the aneurysm to the proximal aorta, the 
other crossing to the opposite iliac artery. 

The method for inserting the prosthesis and use 
of the insertion instruments is hereinafter described. 
Patients are selected for this procedure on the basis 
of radiographic imaging ( including angiography) and 
general physical condition. 

The patient is placed in the supine position on a 
radiolucent operating table. Access to the arterial tree 
may be obtained by surgical isolation of the femoral 
vessels in the groin. Alternatively, the insertion may 
be performed through large introducer sheaths 
placed, by percutaneous techniques. In the open 
technique, silastic bands around the common femoral 
arteries provide proximal hemostasis, while non- 
crushing clamps provide distal hemostasis. Most pa- 
tients will be anticoagulated with heparin prior to the 
interruption of the circulation to the legs. 

Insertion is guided by fluoroscopy. When avail- 
able, digital subtraction processing enhances fluoro- 
scopic images and is used to record angiograms. An- 
other useful feature of digital subtraction imaging 
equipment is the "roadmapping" function, which com- 
bine real time fluoroscopic images with static angio- 
grams. The composite image facilitates guidance of 
the apparatus through the vascular tree. 

An initial angiogram is performed to provide the 
reference points that guide insertion. Angiography 
will frequently have been performed as part of the se- 
lection procedure, in which case measurements de- 
termining graft size and form will already have been 
taken. After initial angiography the catheter is re- 



moved, leaving the guide wire in place. 

A wire, suture, catheter or tape is passed from 
one femoral artery to the other. In one method, a Dor- 
mi er basket is passed up the ipsi lateral femoral artery 

5 and opened over the contralateral iliac artery orifice. 
A catheter or guide wire is threaded up the opposite 
femoral artery through the wires of the Dormier bas- 
ket, which is then closed and withdrawn. The proce- 
dure is swift and relatively atraumatic, especially if a 

10 very soft, flexible catheter is used. An alternative 
method involves fluoroscopically guided manipula- 
tion of the curved tip of a catheter/guide wire system 
from one iliac artery into the other. 

Care must be taken to avoid winding the angio- 

15 graphic catheter around the cross femoral system. 
This may be accomplished by inserting the angio- 
graphic catheter (or wire) through one lumen of a dou- 
ble lumen, twist-preventing catheter 120, while the 
other lumen is occupied by the cross femoral system 

20 (or vice versa). 

The introducer system is threaded over the same 
guide wire that occupied the lumen of the angio- 
graphic catheter. Fluoroscopic visualization is rela- 
tively easy because all components of the apparatus 

25 (except the fabric of the graft) are radio-opaque. The 
position of the prosthesis is controlled during extru- 
sion by manipulation of the central carrier. When the 
introducer sheath is withdrawn, the stents expand, 
opening the graft and fixing it in position. Further 

30 withdrawal of the introducer sheath 217 exposes the 
caudal limb control mechanisms and their attachment 
to central carrier 216. The caudal limb control mech- 
anisms, such as suture loops 237 and 238 or other 
catheters, sutures, or tubular graft extensions, are at- 

35 tached to the cross femoral system (catheter, suture, 
tape or guide wire) using sutures, tape or clips. Trac- 
tion on the cross femoral system (at the contralateral 
groin) pulls the contralateral limb 210 into the contral- 
ateral iliac artery. 

40 The contralateral limb 210 is sometimes twisted 

after translocation to the contralateral iliac artery. 
Twisting is revealed by the fluoroscopic appearance 
of the radio-opaque lines 211 and 212. The contralat- 
eral limb control mechanism such as suture loops 237 

45 and 238 is used to apply traction to other contralateral 
limb 210 and pull it onto the advancing contralateral 
limb straightening device 130 or 131. Straightening is 
guided by the fluoroscopic appearance and the char- 
acter of the femoral arterial pulse and blood flow. 

so Stents are occasionally required to prevent retro- 

grade leakage of blood around the caudal limbs 210 
and 211 back into the aneurysm. The distal stent in- 
sertion device may be passed through the lumen of 
a tubular graft extension 247. Alternatively, the stent 

55 insertion device is passed over a guide wire or over 
contralateral lumen access guidance system 265. 
Whichever method is used, it is usually necessary to 
maintain traction on the caudal limbs using the caudal 
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limb control mechanism. Insertion of the ipsilateral 
stent cannot be performed until the delivery system 
has been removed. 

The prosthesis 228 is released from the central 
carrier 216 by removal of the inner catheter 229. It is 
important to replace the inner catheter and advance 
the guide wire through the central lumen before re- 
moving the delivery system, because the wire is 
needed to guide the stent insertion device into the lu- 
men of the ipsilateral caudal limb 213. After stent in- 
sertion the wire is needed again to guide insertion of 
a catheter for completion angiography. If angiograph- 
ic appearances are satisfactory, the catheters are re- 
moved, the arteries repaired, and the wounds closed. 

Depicted in FIG. 43 is transluminal arrangement 
350 for positioning prosthesis assembly 228 at a par- 
ticular position in a bifurcated lumen. As depicted in 
FIGs. 48 and 49, bifurcated lumen 284 is located in 
aorta 2 with common iliac arteries 34 and 35 extend- 
ing distally therefrom. Aortic aneurysm 20 is located 
just proximal the common iliac arteries 34 and 35. 
Aortic lumen 285 forms the main lumen, whereas 
common iliac lumens 286 and 287 communicating 
with the main lumen form the branch lumens. 

Prosthesis assembly 228 depicted in FIG. 43 in- 
cludes bifurcated endovascular graft 206, main spring 
assembly 301, and limb spring assemblies 302 and 
303 (not shown) positioned in respective stent boots 
300 and 305. Main spring assembly 301, as well as 
prosthesis assembly 228, is contained in main con- 
tainer sheath 217 which is, for example, a polytetra- 
fluoroethylene tube. Bifurcated endovascular graft 
206 includes main body 250 with ipsilateral limb 213 
and contralateral limb 210 extending therefrom and 
partially over the tops of respective stent boots 304 
and 305. 

As previously described with respect to FIG. 22, 
main body 250 includes main bore 251 extending 
longitudinally therein with cranial orifice 207. Contral- 
ateral limb bore 252 and ipsilateral limb bore 253 com- 
municate with main bore 251 and extend longitudin- 
ally through respective contralateral limb 210 and ip- 
silateral limb 213. Contralateral limb 210 has caudal 
orifice 209, whereas ipsilateral limb 213 has caudal 
orifice 208. Main spring assembly 301 is positioned 
through cranial orifice 207 and into bore 251 of the 
main body for radially expanding the main body of the 
graft to substantially conform the main body of the 
graft on the interior wall of main lumen 285. Main 
spring assembly 301 expands from its compressed 
state, as shown in FIG. 43, when the prosthesis as- 
sembly is positioned in the bifurcated lumen and re- 
leased from container sheath 217. 

Transluminal arrangement 350 includes outer 
sheath 217 for containing main spring assembly 301 
in a compressed state, stent boot sheath 304 for con- 
taining ipsilateral spring assemly in a compressed 
state; stent boot sheath 305 for containing contralat- 



eral spring assembly is a compressed state; and main 
retainer assembly 351 positioned in the main and ip- 
silateral bores of the graft for retaining prosthesis as- 
sembly 228 in the bifurcated lumen while the outer 

5 sheath is withdrawn from the prosthesis asssembly 
releasing the main spring assembly from its com- 
pressed state. 

Similar to previously described central carrier 
216, main retainer assembly comprises elongated 

10 member 352 having dilator head 353 at the distal end 
thereof. The dilator head serves to facilitate penetra- 
tion of the transluminal arrangement within the bifur- 
cated lumen and minimizes deleterious blood flow 
during positioning of the transluminal arrangement. 

15 Elongated member 352 also includes an intermed iate 
carrier stem region including outer catheter 318, hol- 
low connector sleeve 354 with lateral apertures 355 
and 356 formed therein, and inner catheter 319 ex- 
tending longitudinally through the elongated member 

20 including the outer catheter and connector sleeve. 
Connector sleeve 354 interconnects segments of out- 
er catheter 31 8 and facilitates as to permit attachment 
of sutures 357 and 358 to inner catheter 319 through 
respective apertures 355 and 356. One end of attach- 
es ment sutures 357 and 358 are tied around the outer 
surface of outer catheter 318, whereas other end of 
the sutures are tied around the outer surface of inner 
catheter 319 through the connector sleeve aper- 
tures. Attachment sutures 357 and 358 are looped 

30 through the opposite sides of main spring assembly 
301 for retaining the prosthesis assembly in the bifur- 
cated lumen while outer sheath 217 is withdraw from 
the prosthesis assembly releasing the main spring 
assembly from its compressed state. The outer 

35 sheath includes longitudinal bore 359 in which the 
prosthesis assembly is positioned during insertion of 
the assembly into the bifurcated lumen. Attachment 
sutures 357 and 358 for a contraction assembly for 
temporarily pulling main spring assembly 301 to a 

40 compressed state when prosthesis assembly 228 is 
positioned within main outer sheath 217. The distal 
end of the outer sheath is positioned next to the prox- 
imal end of dilator head 353 to facilitate easy insertion 
of the transluminal arrangement into the bifurcated 

45 lumen. 

Elongated member 352 also includes a carrier 
shaft region 360 similar to carrier shaft region 21 8 of 
which annular recess 309 is formed therein. 

FIG. 44 depicts a partially sectioned side view of 

so ipsilateral limb spring assembly 102 in a compressed 
state. The spring assembly is attached to the inside 
of ipsilateral limb 213 via sutures 315 and 316 and is 
contained in stent boot sheath 304. When the pros- 
thesis assembly is properly positioned about aneur- 

55 ysm 20, ipsilateral spring assembly 302 is released 
from its compressed state to radially expand limb 213 
and substantially conform the limb to the interior wall 
of common iliac artery 34. Stent boot sheath 304 
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forms a container for containing ipsilateral spring as- 
sembly 302 in a compressed state. Suture 314 is tem- 
porarily attached to ipsilateral spring assembly 302 for 
retaining the spring assembly in the stent boot sheath 
during positioning of the prosthesis assembly in the 
bifurcated lumen. Suture 314 forms a release mech- 
anism for releasing the ipsilateral spring assembly 
when the prosthesis assembly is positioned in the bi- 
furcated lumen and, in particular, when ipsilateral limb 
213 is properly positioned in common iliac artery 34. 
After suture 314 is detached from the ipsilateral 
spring assembly, stent boot 304 is withdrawn from the 
spring assembly, releasing it from its compressed 
state. When released from its compressed state, ipsi- 
lateral spring assembly 302 radially expands graft 
limb 213 to substantially conform the limb on an in- 
terior wall of iliac artery lumen 286. 

Stent boot 304 is a tubular container such as a 
sheath or short piece of polytetraf tuoroethylene tube 
for containing ipsilateral spring assembly 302 therein 
in a compressed state. Ipsilateral spring assembly 
302 is attached along its midsection to contralateral 
graft limb 213 inside limb bore 253 with sutures 315 
and 316. Attachment sutures 315 and 316 are placed 
cranial ly from caudal orifice 208 to allow the caudal 
end of the graft limb to extend over the top of stent 
boot 304. Attachment sutures 314 and 317 are tem- 
porarily attached to ipsilateral spring assembly 302 for 
retaining the spring assembly in stent boot 304. One 
end of attachment sutures 314 and 317 are tied 
around outer catheter 318 of the transluminal posi- 
tioning arrangement, whereas the other end of the 
sutures are tied around inner catheter 319 through 
apertures 320 and 321 of connector sleeve 322. The 
inner catheter of the positioning arrangement forms 
part of a release mechanism that is temporarily at- 
tached to the ipsilateral spring assembly for releasing 
attachment sutures 314 and 317. Attachment sutures 
314 and 317 and inner catheter 319 form a retainer 
mechanism for retaining ipsilateral spring assembly 
302 in stent boot 304. Connector sleeve 322 is a short 
length of tubing having apertures 320 and 31 9 formed 
laterally therethrough. The connector sleeve has an 
inner diameter approximating the outer diameter of 
outer catheter 318. Outer catheter 318 is cut and in- 
serted into the opposite ends of the connector sleeve 
and bonded thereto using, for example, medical 
grade adhesive. Inner catheter 319 passes through 
the passageway of the connector sleeve and outer 
catheter for retaining attachment sutures through the 
lateral apertures in the sleeve. 

FIG. 45 depicts a partially sectioned side view of 
contralateral spring assembly 304, attached to the in- 
side of contralateral lift 210, and contained in stent 
boot 305. Limb control catheter 255 is attached prox- 
imal ly to stent boot 305 and has suture 254 extending 
longitudinally through catheter lumen 306. Suture 
254 is temporarily attached to contralateral spring as- 



sembly for retaining the spring assembly in the stent 
boot during positioning of the prosthesis assembly in 
the bifurcated lumen. Suture 254 forms a release 
mechanism for releasing the contralateral spring as- 

5 sembly when the prosthesis assembly is positioned 
in the bifurcated lumen and, in particular, when con- 
tralateral limb 210 is positioned in common iliac artery 
35. After suture 254 is detached from the contralateral 
spring assembly, stent boot 305 is withdrawn from the 

w spring assembly, releasing it from its compressed 
state. When released from its compressed state, con- 
tralateral spring assembly 303 radially expands limb 
210 to substantially conform the limb on an interior 
wall of iliac artery lumen 287. Limb control catheter 

15 255 is a commercially available copolymer tube to 
which stent boot 305 is integrally formed or attached 
thereto, for example, using medical grade adhesive. 
Stent boot 305 is a tubular container such as a short 
piece of polytetraf luoroethylene tube for containing 

20 contralateral spring assembly 303 therein in a com- 
pressed state. Contralateral spring assembly 303 is 
attached along its midsection to contralateral graft 
limb 210 inside limb bore 255 with sutures 307 and 
308. Attachment sutures 307 and 308 are placed cra- 

25 nially from caudal orifice 209 to allow the caudal end 
of the graft limb to extend over the top of stent boot 
305. Contralateral spring assembly 303 can include 
one or bore barbs for digging into the vessel wall and 
more securely anchoring the prosthesis assemly. 

30 However, the contralateral spring assembly can be 
used with or without these barbs. Retainer suture 254 
is temporarily attached to carrier shaft annular recess 
309 via suture 310. 

FIG. 46 depicts a partially sectioned side view of 

35 stent boot 305 attached to control limb delivery cath- 
eter 255 which is positioned in longitudinal lumen 311 
of contralateral limb straightening device 130. A plur- 
ality of longitudinal splines 312 is formed in the prox- 
imal end of stent boot 305 to match a corresponding 

40 plurality of splines 313 positioned around the distal 
end of straightening device lumen 311. The mating 
splines engage each other to rotate the stent boot and 
contralateral limb for proper positioning within the 
common iliac artery. Markers are positioned in the 

45 graft limb for radiographic imaging. 

FIG. 47 depicts prosthesis assembly 228 posi- 
tioned in bifurcated lumen 284 of aorta 2 and common 
iliac arteries 34 and 35. Main spring assembly 301 
has been released from its compressed state and ra- 

50 dially expanded main body 250 of the graft to sub- 
stantially conform the main body of the graft on the 
interior wall of main lumen 285 of the aorta. Similarly, 
ipsilateral spring assembly 302 has been released 
from its compressed state and elongated member 352 

55 and radially expanded ipsilateral limb 21 3 of the graft 
to substantially conform the ipsilateral limb on an in- 
terior wall of lumen 286 of common iliac artery 34. 
Contralateral spring assembly 303 has been released 
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from its compressed state and radially expanded con- 
tralateral limb 210 to substantially conform the con- 
tralateral limb of the graft on an interior wall of lumen 
287 of common iliac artery 35. Control limb delivery 
catheter 255 and stent boot 305 have been withdrawn 
from the contralateral spring assembly allowing it to 
expand the contralateral limb of the graft. 

The method of positioning the prosthesis assem- 
bly at the particular position in bifurcated lumen 284 
includes providing first and second access sites 283 
and 361 to branch lumens 286 and 287 in respective 
common iliac arteries 34 and 35 in a well-known man- 
ner. As previously described with respect to FIGs. 48 
and 49, the guide is provided between access sites 
283 and 361 via the branch lumens. Transluminal ar- 
rangement 350 including retainer assembly 351 , elon- 
gated member 352 r and prosthesis assembly 228 at- 
tached thereto are positioned within the bifurcated lu- 
men. Outer sleeve 21 7 is withdrawn from the prosthe- 
sis assembly, and control limb delivery catheter 255 
guides the contralateral limb of the graft into branch 
lumen 287 of iliac artery 35. The attachment sutures 
are released from the main, ipsilateral and contralat- 
eral spring assemlies positioning the prosthesis in 
the bifurcated lumen. Stent boots 304 and 305 are re- 
moved from their respective spring assemblies during 
withdrawal of retainer assembly 352 and control limb 
delivery catheter 255. 

The transluminal arrangement for positioning a 
prosthesis assembly at a particular position in a bifur- 
cated lumen and the method of placement has been 
illustrated and described in the drawing and the fore- 
going description, the same is to be considered illus- 
trative and not restrictive in character. It is to be un- 
derstood that only the preferred embodiment has 
been shown and that all changes and modifications 
that come within the scope of the claims are to be pro- 
tected. In particular, stent boots 304 and 305 have 
been referred to as containers or sheaths and are typ- 
ically formed from a thin polytetraf luoroethylene tube 
of material. The stent boots are either affixed to the 
outer catheter of the retainer assembly or slidable 
thereon. Similarly, stent boot 304 is attached using, 
for example, medical grade adhesive, are slidable at 
the end of the control delivery catheter. Outer sheath 
217 is also a container or sheath of, for example, a 
semi-rigid polytetrafluoroethylene material for con- 
taining the prosthesis assembly therein. The spring 
assemblies are of the Gianturco Z-stent type as pre- 
viously described with or without barbs for more se- 
curely affixing the prosthesis assembly to the wall of 
the bifurcated lumen. Any type of radially expanding 
spring assembly or stent is contemplated whet her the 
spring assembly or stent is automatically expanded 
when released from a container or expanded with a 
dilator balloon and the like. 
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Claims 

1. An arrangement for translumenally positioning a 
prosthesis assembly (1,12,31) of predetermined 
5 shape and size at a particular position on an in- 

ternal wall (20) of a lumen, said assembly com- 
prising a graft (1) associated with a spring ar- 
rangement (12,31), said arrangement comprising 
an outer sheath (4) for surrounding the said as- 

10 sembly when the latter is located at the said par- 
ticular position, and means (36,21,26) for retain- 
ing the said assembly at the said particular pos- 
ition whilst the outer sheath is being removed, 
characterised in that the retaining means has 

15 connected thereto an attachment arrangement 

(36) to be temporarily attached to the said assem- 
bly at one or more positions remote from the prox- 
imal end of the said assembly. 

20 2. An arrangement according to claim 1 , character- 
ised in that the retaining means comprises an 
elongated member (21) to be extended within the 
said assembly, and in that the attachment ar- 
rangement is extended between the said elongat- 

25 ed member and the said assembly at the said one 

or more positions. 

3. An arrangement according to claim 2, character- 
ised in that the elongated member is tubular and 

30 has a dilator head (22) at the distal end thereof, 

said head serving to facilitate penetration of the 
arrangement within the lumen, and to minimize 
deleterious blood flow through the lumen during 
the positioning of the assembly. 

35 

4. An arrangement according to claim 3, character- 
ised in that a contraction arrangement (36,21) is 
provided to temporarily pull the said assembly in- 
wardly to a compressed condition whilst the as- 

40 sembly is within the sheath, and in that a dis- 

abling arrangement (26) is provided for expand- 
ably releasing the said assembly either during or 
after removal of the sheath. 

45 5. An arrangement according to claim 4, character- 
ised in that the contraction and disabling ar- 
rangements form part of the said attachment ar- 
rangement, and in that part of the contraction and 
disabling arrangements are located and control- 
so led from within the elongated tubular member. 

6. An arrangement according to claim 5, character- 
ised in that the attachment arrangement compris- 
es one or more connectors each in the form of su- 
ss tures (36) connected at one end to the said as- 
sembly and at the other end to inside of the elon- 
gated tube via apertures (29,101) and in that the 
disabling arrangement (26) is provided for releas- 
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from its compressed state and radially expanded con- 
tralateral limb 210 to substantially conform the con- 
tralateral limb of the graft on an interior wall of lumen 
287 of common iliac artery 35. Control limb delivery 
catheter 255 and stent boot 305 have been withdrawn 
from the contralateral spring assembly allowing it to 
expand the contralateral limb of the graft. 

The method of positioning the prosthesis assem- 
bly at the particular position in bifurcated lumen 284 
includes providing first and second access sites 283 
and 361 to branch lumens 286 and 287 in respective 
common iliac arteries 34 and 35 in a well-known man- 
ner. As previously described with respect to FIGs. 48 
and 49, the guide is provided between access sites 
283 and 361 via the branch lumens. Transluminal ar- 
rangement 350 including retainer assembly 351 , elon- 
gated member 352, and prosthesis assembly 228 at- 
tached thereto are positioned within the bifurcated lu- 
men. Outer sleeve 21 7 is withdrawn from the prosthe- 
sis assembly, and control limb delivery catheter 255 
guides the contralateral limb of the graft into branch 
lumen 287 of iliac artery 35. The attachment sutures 
are released from the main, ipsilateral and contralat- 
eral spring assemlies positioning the prosthesis in 
the bifurcated lumen. Stent boots 304 and 305 are re- 
moved from their respective spring assemblies during 
withdrawal of retainer assembly 352 and control limb 
delivery catheter 255. 

The transluminal arrangement for positioning a 
prosthesis assembly at a particular position in a bifur- 
cated lumen and the method of placement has been 
illustrated and described in the drawing and the fore- 
going description, the same is to be considered illus- 
trative and not restrictive in character. It is to be un- 
derstood that only the preferred embodiment has 
been shown and that all changes and modifications 
that come within the scope of the claims are to be pro- 
tected. In particular, stent boots 304 and 305 have 
been referred to as containers or sheaths and are typ- 
ically formed from a thin polytetrafluoroethylene tube 
of material. The stent boots are either affixed to the 
outer catheter of the retainer assembly or slidable 
thereon. Similarly, stent boot 304 is attached using, 
for example, medical grade adhesive, are slidable at 
the end of the control delivery catheter. Outer sheath 
217 is also a container or sheath of, for example, a 
semi-rigid polytetrafluoroethylene material for con- 
taining the prosthesis assembly therein. The spring 
assemblies are of the Gianturco Z- stent type as pre- 
viously described with or without barbs for more se- 
curely affixing the prosthesis assembly to the wall of 
the bifurcated lumen. Any type of radially expanding 
spring assembly or stent is contemplated whet her the 
spring assembly or stent is automatically expanded 
when released from a container or expanded with a 
dilator balloon and the like. 



Claims 

1. An arrangement for translumenally positioning a 
prosthesis assembly (1,12,31) of predetermined 

5 shape and size at a particular position on an in- 

ternal wall (20) of a lumen, said assembly com- 
prising a graft (1) associated with a spring ar- 
rangement (1 2,31 ) f said arrangement comprising 
an outer sheath (4) for surrounding the said as- 

10 sembly when the latter is located at the said par- 

ticular position, and means (36,21,26) for retain- 
ing the said assembly at the said particular pos- 
ition whilst the outer sheath is being removed, 
characterised in that the retaining means has 

15 connected thereto an attachment arrangement 

(36) to be temporarily attached to the said assem- 
bly at one or more positions remote from the prox- 
imal end of the said assembly. 

20 2. An arrangement according to claim 1 , character- 
ised in that the retaining means comprises an 
elongated member (21) to be extended within the 
said assembly, and in that the attachment ar- 
rangement is extended between the said elongat- 

25 ed member and the said assembly at the said one 

or more positions. 

3. An arrangement according to claim 2, character- 
ised in that the elongated member is tubular and 

30 has a dilator head (22) at the distal end thereof, 

said head serving to facilitate penetration of the 
arrangement within the lumen, and to minimize 
deleterious blood flow through the lumen during 
the positioning of the assembly. 

35 

4. An arrangement according to claim 3, character- 
ised in that a contraction arrangement (36,21) is 
provided to temporarily pull the said assembly in- 
wardly to a compressed condition whilst the as- 

40 sembly is within the sheath, and in that a dis- 

abling arrangement (26) is provided for expand- 
ably releasing the said assembly either during or 
after removal of the sheath. 

45 5. An arrangement according to claim 4,. character- 
ised in that the contraction and disabling ar- 
rangements form part of the said attachment ar- 
rangement, and in that part of the contraction and 
disabling arrangements are located and control- 
so led from within the elongated tubular member 

6. An arrangement according to claim 5, character- 
ised in that the attachment arrangement compris- 
es one or more connectors each in the form of su- 
55 tures (36) connected at one end to the said as- 

sembly and at the other end to inside of the elon- 
gated tube via apertures (29,101) and in that the 
disabling arrangement (26) is provided forreleas- 
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ing the sutures from inside the elongated tube. 

7. An arrangement according to any one preceding 
claim, in which the lumen for receiving the graft 
is bifurcated, characterised in that the graft has 
a common section (250) and two bifurcated sec- 
tions (213,210) shaped and sized to conform to 
the respective parts of the bifurcated lumen, in 
that the said spring arrangement is associated 
with the common section of the graft and one bi- 
furcated section (213), and in that another spring 
arrangement is designed to be translumenally 
positioned within the said other bifurcated sec- 
tion (210). 

8. An arrangement according to claim 7, character- 
ised in that one or more identification markers 
(211,212) are provided on at least the said other 
bifurcated graft section. 

9. An arrangement according to claim 7 or 8, char- 
acterised in that the said other bifurcated graft 
section is provided with an arrangement whereby 
the said other section can be translumenally 
drawn into position within the respective lumen 
part 

10. An arrangement according to any one preceding 
claim, characterised in that the or each spring or 
graft assembly comprises at least barbs (13) at 
the distal end of the assembly. 

11. An arrangement according to any one of claims 
1 to 6, characterised in that one end of the graft 
is sealed (80) to prevent flow of blood through the 
lumen. 

12. A prosthesis for translumenally repairing an 
aneurysm, characterised by a bifurcated en do- 
vascular graft (206) having a main body (250) and 
first and second limbs (21 3,21 0) extending there- 
from, said main body including a main bore ex- 
tending longitudinally therein and having a cra- 
nial orifice (207), said first limb including a first 
bore (253) extending longitudinally therein, com- 
municating with said main bore, and having a first 
caudal orifice (208), said second limb (210) in- 
cluding a second bore (252) extending longitudin- 
ally therein, communicating with said main bore, 
and having a second caudal orifice (209); and im- 
ages ble marker means (211,212) extending 
along at least said first limb. 

13. A transluminal arrangment for positioning a pros- 
thesis assembly at a particular position in a bifur- 
cated lumen, the bifurcated lumen including a 
main lumen and a first and a second branch lu- 
men communicating with and extending from the 
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main lumen, said prosthesis assembly including 
a bifurcated endovascular graft having a main 
body and a first and a second limb extending 
therefrom, said main body including a main bore 
5 extending longitudinally therein and having a cra- 

nial orifice, said first limb including a first bore ex- 
tending longitudinally therein, communicating 
with said main bore, and having a first caudal or- 
ifice, said second limb including a second bore 

10 extending longitudinally therein, communicating 
with said main bore and having a second caudal 
orifice, said assembly including a main spring as- 
sembly and a first spring assembly each having 
a compressed state, said main spring assembly 

15 radially expanding said main body of said graft to 

substantially conform said main body of said 
graft on an interior wall of the main lumen when 
said prosthesis assembly is positioned at a par- 
ticular position in the bifurcated lumen and said 

20 main spring assembly is released from said com- 

pressed state, said first spring assembly radially 
expanding said first limb of said graft to substan- 
tially conform said first iimb of said graft on an in- 
terior wall of the first branch lumen when said 

25 prosthesis assembly is positioned at the particu- 

lar position in the bifurcated lumen and said first 
spring assembly is released from said com- 
pressed state, said transluminal arrangement 
comprising: 

30 main container means for containing said 

main spring assembly in said compressed state; 

first container means for containing said 
first spring assembly in said compressed state; 
retainer means positioned in said main 

35 and first bores of said graft for retaining said pros- 

thesis assembly at the particular position in the 
bifurcated lumen while main container means is 
withdrawn from said prosthesis assembly releas- 
ing said main spring assembly from said com- 

40 pressed state. 

14. A transluminal arrangement for positioning a 
prosthesis assembly at a particular position in a 
bifurcated lumen, the bifurcated lumen including 

45 a main lumen and first and a second branch lu- 

men communicating with and extending from the 
main lumen, said prosthesis assembly including 
a bifurcated endovascular graft having a main 
body and a first and a second limb extending 

50 therefrom, said main body including a main bore 

extending longitudinally therein and having a cra- 
nial orifice, said first limb including a first bore ex- 
tending longitudinally therein, communicating 
with said main bore, and having a first caudal or- 

55 rfice, said second limb including a second bore 

extending longitudinally therein, communicating 
with said main bore and having a second caudal 
orifice, said assembly including a main spring as- 
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sembly, a first spring assembly, and a second a 
spring assembly each having a compressed 
state, said main spring assembly radially expand- 
ing said main body of said graft to substantially 
conform said main body of said graft on a interior 5 
wall of the main lumen when said prosthesis as- 
sembly is positioned at a particular position in the 
bifurcated lumen and said main spring assembly 
is released from said compressed state, said first 
spring assembly radially expanding said f irst iimb 10 
of said graft to substantially conform said first 
limb of said graft on an interior wall of the first 
branch lumen when said prosthesis assembly is 
positioned at the particular position in the bifur- 
cated lumen and said first spring assembly is re- 15 
leased from said compressed state, said second 
spring assembly radially expanding said second 
limb of said graft to substantially conform said 
second limb of said graft on an interior wall of the 
second branch lumen when said prosthesis as- 20 
sembly is positioned at a particular position in the 
bifurcated lumen and said second spring assem- 
bly is released from said compressed state, said 
transluminal arrangement comprising: 

main container means for containing said 25 
main spring assembly ins aid compressed state; 

first container means for containing said 
first spring assembly in said compressed state; 

second container means for containing 
said second spring assembly in said compressed 30 
state; 

main retainer means positioned in said 
main and first bores of said graft for retaining said 
prosthesis assembly at the particular position in 
the bifurcated lumen while said main container 35 
means is withdrawn from said prosthesis assem- 
bly releasing said main spring assembly from said 
compressed state; 

first retainer means temporarily attached 
to said first spring assembly for retainer said first 40 
spring assembly in said first container means; 
and 

second retainer means temporarily attach- 
ed to said second spring assembly for retaining 
said second spring assembly in said second con- 45 
tainer means. 
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FIG. 12 
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FIG . 19 
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Fig. 46 
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Description 

[0001] La presente invention concerne un dispositif 
d'actionnement combine de deux organes a commande 
rotative. 

[0002] Le document US-A-4 949 753. qui represente 
I'etat de la technique le plus proche, deer it un tel dispo- 
sitif comportant deux roues de commande associees 
respectivement aux deux organes a commande rota- 
tive, et une troisieme roue d'actionnement qui coopere 
simultanement avec les deux roues de commande, 
laquelle troisieme roue est montee deplacable en rota- 
tion sous Taction de moyens de manoeuvre. 
[0003] Linvention concerne en outre un chalumeau 
comportant un tel dispositif. 

[0004] Les chalumeaux component de man i ere clas- 
sique deux vannes associees respectivement a une 
conduite d'alimentation en combustible et a une con- 
duite d'alimentation en comburant. Ces deux gaz sont 
typiquement I'acetylene et I'oxygene. Chaque vanne est 
munie d'une poignee de manoeuvre qui permet le 
reglage du debit de Tun des gaz combustible et combu- 
rant. Cet agencement oblige I'operateur a actionner les 
poignees Tune apres {'autre. 

[0005] Les deux vannes etant independantes, et pos- 
sedartl des organes de manoeuvre distincts, leur mani- 
pulation est relativement longue. 
[0006] Le reglage de la f lamme du chalumeau est en 
outre rendu difficile par le fait que I'operateur doit regler 
a la fois le debit total du gaz en sortie du chalumeau et 
la proportion des gaz combustible et comburant dans le 
melange de sortie. 

[0007] La presente invention a pour but de permettre 
I'actionnement de deux organes a commande rotative, 
notamment deux vannes de commande de chalu- 
meaux, a partir d'un dispositif unique manipulate d'une 
seule main, permettant le reglage combine et simultane 
de la proportion de chaque gaz dans le melange de sor- 
tie et du debit total des gaz. 

[0008] A cet effet, I'invention a pour objet un dispositif 
d'actionnement combine de deux organes a commande 
rotative, caracterise en ce qu'il comporte deux roues de 
commande associees respectivement aux deux orga- 
nes a commande rotative, les deux roues etant mon- 
tees deplacables en rotation independamment I'une de 
I 'autre autour d'un meme axe, et en ce qu'il comporte 
une troisieme roue d'actionnement dont I'axe est con- 
courant a I'axe des deux roues de commande et qui 
coopere simultanement avec les deux roues de com- 
mande, laquelle troisieme roue est montee deplacable 
en rotation, sous Taction de moyens de manoeuvre, 
d'une part autour de son propre axe, pour entraTner les 
deux roues de commande en sens inverses, et d'autre 
part autour de Taxe de rotation des deux roues de com- 
mande suivant un arc de cercle pour entraTner celles-ci 
dans un meme sens. 

[0009] Suivant des modes particuliers de realisation, 
le dispositif d'actionnement peut presenter Tune ou plu- 



sieurs des caracteristiques suivantes : 

les roues de commande sont des engrenages coni- 
ques, 

s - les deux roues de commande ont des diametres 
sensiblement egaux et Taxe de rotation de la roue 
d'actionnement est sensiblement perpendiculaire a 
Taxe de rotation des deux roues de commande, 
chaque roue de commande est fixee a Textremite 

10 d'un arbre. libre en rotation dans un alesage d'un 
chassis de support, 
- les moyens de manoeuvre de la roue d'actionne- 
ment comportent une tige a une extremite de 
laquelle est fixee la roue d'actionnement et a Tautre 

15 extremite de laquelle est prevue une poignee de 
manoeuvre, 

la tige est montee deplacable suivant un arc de cer- 
cle dans une lumiere de guidage menagee dans 
une parol cylindrique, 

20 - la tige comporte une butee radiale et il est prevu au 
moins une rampe disposes le long de la surface 
balayee par la tige, et adaptee pour cooperer avec 
la butee pour limiter le debasement angulaire de la 
roue d'actionnement autour de son axe en fonction 

25 de la position angulaire de celle-ci autour de Taxe 
des roues de commande, 

le dispositif comporte deux rampes disposees de 
part et d'autre de la tige et ayant des prof ils diffe- 
rents, 

30 • la butee a une forme sensiblement elliptique, 

les organes a commande rotative sont des vannes 
de commande de Tecoulement de gaz, 
les sens de commande des vannes sont identiques 
lorsque les roues de commande sont entratnees 

35 dans un meme sens; 

Linvention concerne egalement un chalumeau 
comportant un dispositif d'actionnement com- 
bine tel que decrrt precedemment, adapte pour 
40 actionner deux vannes de commande de 

Tecoulement de deux gaz d'alimentation. 

[001 0] Linvention sera mieux comprise a la lecture de 
la description qui va suivre, donnee uniquement a trtre 
45 d'exemple et faite en se referent aux dessins, sur les- 
quels : 

la Fig. 1 est une vue de face, partiellement en 
coupe, du dispositif d'actionnement selon Tinven- 
50 tion; 

la Fig. 2 est une vue en coupe suivant la ligne ll-ll du 
dispositif de la figure 1 ; et 

les Fig. 3 et 4 sont des vues developpees schemati- 
ques explicitant le fonctionnement d'une partie du 
55 dispositif d'actionnement suivant deux variantes de 
realisation de celui-ci. 

[0011] Le dispositif d'actionnement combine, repre- 
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serrte sur les figures 1 et 2, comporte essentiellement 
un chassis 10 sur lequel sort fixees deux vannes a 
commande rotative analogues 12 et 14 disposees en 
vis a vis suivant un meme axe X-X. Ces vannes sont 
supposees commander recoupment de deux gaz d'ali- 
mentation d'un chalumeau, non represente. 
[001 2] Chaque vanne de commande 12,14 comporte 
une roue de commande 16,18 recue a I'interieur du 
chassis 10 et cooperant avec une roue d'actionnement 
20 schematises sur la figure 1 . La roue 20 est associee 
a des moyens de manoeuvre 22 represents sur la 
figure 2. 

[0013] Le chassis 10 presente une forme generate 
cylindrique. II est muni d'une chambre centrale 24 deli- 
mrtee par deux flasques 26.28 relies par une paroi late- 
rale cylindrique 29. La chambre centrale 24 est ouverte 
sur I'exterieur par une lumiere 30 de guidage des 
moyens de manoeuvre 22. Cette lumiere 30 est mena- 
gee transversalement dans la paroi cylindrique 29 et 
s'etend sur 180°. 

[001 4] Deux nervures exterieures 32 ,34 disposees de 
part et d'autre de la lumiere 30 def inissent deux rampes 
32 A, 34A en arc de cercle disposees en vis a vis I e long 
de la lumiere 30. 

[001 5] Le chassis 1 0 est fixe sur un bati 36, par exem- 
ple d'une installation d'alimentation en gaz du chalu- 
meau par deux colliers 38 munis de vis de fixation 40. 
[0016] Les vannes 12,14 sont analogues et seule la 
vanne 1 2 sera deer rte en regard de la figure 1 . 
[001 7] Cette derniere comporte un corps de vanne 42 
visse a travers un trou debouchant taraude 44 d'axe X- 
X menage au centre du flasque 26. Le corps 42 pre- 
sente un passage axial 46 ayant une extremite avant 48 
de plus faible diametre debouchant dans la chambre 24. 
[0018] Un arbre 50, muni a son extremite arriere d'un 
rebord peripherique 52, est emmanche dans le conduit 
46 et fait saillie par son extremite avant 48 dans la 
chambre 24. La roue 16, formee par un engrenage coni- 
que, est fixee a r extremite avant de i'arbre 50 a I'irrte- 
rieur de la chambre 24 a I'aide d'une goupille 56 et 
d'une vis 58. Une rondelle 60 est interpose e entre la 
roue 16 et le corps de vanne 42 afin de faciliter la rota- 
tion de la roue 16 par rapport a celui-ci. 
[0019] Un alesage borgne taraude 62 debouche a 
I" extremite arriere de I'arbre 50. Un coulisseau 64 de 
forme generale cylindrique est loge a I'interieur du con- 
duit 46 en arriere de I'arbre 50. L'extremrte avant filetee 
66 de celui-ci est recue a I'interieur de I'alesage taraude 
62. 

[0020] Une gorge longitudinale 68 est menagee dans 
le corps du coulisseau. Elle recoit I'extremite d'un doigt 
radial 70 solidaire du corps 42 et adapt e pour immobili- 
ser en rotation le coulisseau 64. Par ailleurs, ce dernier 
est muni a son extremite arriere d'une gorge circulate 
dans laquelle est recu un joint d'etancheite 72. 
[0021] A son extremite arriere, le coulisseau 64 com- 
porte une tige d'actionnement 74 dont I'extremite arriere 
cooper e avec une valve 76 fixee a larriere du conduit 46 



par un adaptateur 78. 

[0022] La valve 76 forme une entree de la vanne 12, 
et est adaptee pour regler le passage du gaz vers une 
chambre de sortie 80 delimitee par le conduit 46, en 

5 fonction du deplacement de la tige d'actionnement 74. 
Cette chambre de sortie 80 est reliee, par un passage 
radial 82 muni d'un r accord 84, a une conduite d'alimen- 
tation du chalumeau non representee. 
[0023] Les vannes 1 2 et 1 4 sont analogues, et les 

io sens de filetage des extremites filetees 66 sont adaptes 
pour que les sens de commande des vannes soient 
identtques lorsque les roues de commande 16 et 18 
sont entraTnees dans un meme sens. On suppose ici 
que lorsque les roues 16 et 18 sont entraTnees dans le 

75 sens des f leches F1 et F2, les vannes 12 et 14 se fer- 
ment. 

[0024] Les moyens de manoeuvre 22 represents sur 
la figure 2 comportent une tige d'actionnement 84 tra- 
versal la lumiere 30 et dont I'axe Y-Y est concourant a 
20 I'axe X-X des roues 16 et 18. Elle est mairrtenue per- 
pendiculairement a I'axe X-X par deux tampons 86 et 88 
disposes en appui de part et d'autre de la paroi 29 le 
long de la lumiere 30. 

[0025] La roue d'actionnement 20 est fixee par tout 
25 moyen approprie. une goupille par exemple. a l'extre- 
mrte de la tige 84. Elle est formee d'un pignon conique, 
dont la couronne dentee coopere simultanement avec 
les couronnes dentees des roues 16 et 18. 
[0026] A son autre extremite, la tige 84 comporte une 
30 poignee de manoeuvre 90 fixee par un ecrou 92. 

[0027] Entre le tampon 88 et la poignee 90, la tige 84 
porte une butee 94 de forme generale elliptique perpen- 
diculaire a la tige et solidaire de celle-ci en rotation. 
Cette butee. qui est adaptee pour cooperer avec les 
35 rampes 32 A, 34 A, est mairrtenue contre le tampon 88 
par un ecrou 96. Deux modes de realisation de la butee 
94 et des rampes 32A, 34A seront decrrts en detail en 
regard des figures 3 et 4. 

[0028] Le dispositrf de commande represente sur la 

40 figure 1 est destine a I 'alimentation d'un chalumeau de 
chauffe. La vanne 12 est associee a une conduite d'ali- 
mentation en combustible, alors que la vanne 14 est 
associee a une conduite d'alimentation en comburant. 
[0029] On conceit que le deplacement angulaire de la 

45 roue d'actionnement 20 autour de son axe Y-Y dans le 
sens de la fleche F3, entrame en rotation la roue 16 
dans le sens oppose a celui de la fleche F1 et la roue 1 8 
dans le sens de la fleche F2. La vanne 12 est alors pro- 
gressivement ouverte alors que la vanne 14 est pro- 

so gressivement fermee. 

[0030] Ainsi, il est possible, par rotation de la poignee 
90 autour de I'axe Y-Y, de modifier la composition du 
melange obtenu en sortie du chalumeau par ouverture 
d'une vanne et fermeture simidtanee de i'autre vanne, 

55 ceci par exemple en maintenant le debit total de gaz a 
une valeur sensiblement constante. 
[0031] Par ailleurs. en deplacant la poignee 90 dans 
le sens de la fleche F4 autour de I'axe X-X et suivant la 
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lumiSre 30, la roue d'actionnement 20 entraine les 
roues de command e 16 et 18 dans le meme sens, dans 
le sens oppose aux f leches F1 et F2 sur les figures 1 et 
2. Les vannes 12 et 14 sont alors progressivement 
ouvertes, ce qui accroTt le debit total du melange obtenu 
en sortie du chalumeau, les proportions en gaz com- 
bustible et comburant restant sensiblement inchangees. 
[0032] II est ainsi possible de regler le debit total de 
sortie en positionnant correctement la poignSe 90 le 
long de la I urn i ere de guidage 30. 
[0033] Sur les figures 3 et 4, est schSmatisSe une vue 
dSveloppSe de deux modes de realisation des rampes 
32 A, 34A. La tige 84 associee a la butee 94 est repre- 
sentee dans diverses positions possibles de celles-ci. 
[0034] Dans le mode de realisation represents sur la 
figure 3, les rampes 32A et 34A sont symetriques par 
rapport a un axe Z-Z de la I u mi ere 30. Elles delimitent 
ainsi entre elies un canal s'Slargissant d'un troncon 
d'extrSmitS Strait 102 a un troncon d'extrSmitS elargi 
104, relies par un troncon intermediate 106 de largeur 
progressivement croissante. Le troncon 104 est sup- 
pose correspond re aux debits de sortie el eves et le 
troncon 102 aux debits faibles. 

[0035] La butee 94 qui s'etend entre les deux rampes 
32 A, 34 A a une forme allongSe sensiblement symStri- 
que, et son contour delimits une ellipse. L'axe de I'arbre 
84 passe par le centre de cette ellipse. 
[0036] Dans ces conditions, on comprend que lorsque 
la butee 94 est situee dans le troncon 102, le petit axe 
de I'ellipse est maintenue entre les rampes 32A, 34A, 
interdisant la rotation de la roue 20 autour de l'axe Y-Y. 
[0037] Par contre, lorsque la butee 94 est disposee 
dans le troncon intermediaire 106, un debattement 
angulaire a de la roue 20 est possible autour de l'axe Y- 
Y avant que la butee 94 ne sort en contact avec Tune 
des rampes 32A et 34A, comme cela est represents sur 
la figure 3. 

[0038] Lorsque la butee 94 est dans le troncon 1 04, la 
butee 94 est libre de tourner autour de l'axe Y-Y sans 
entrer en contact avec Tune ou I'autre des rampes 32A, 
34A. 

[0039] Les rampes 32 A, 34A limitent ainsi le debatte- 
ment angulaire de la roue de commande 20 autour de 
son axe Y-Y en fonction de la position angulaire de 
celle-ci autour de l'axe X-X. De ce fait, en fonction de la 
position de la poignee 90 par rapport a la I urn i ere 30, et 
done en fonction du debit total de gaz, la largeur de la 
plage de reglage de la composition du melange en sor- 
tie du chalumeau est plus ou moins etendue. 
[0040] Tel que represents sur la figure 3, plus le debit 
total de gaz est grand, plus la largeur de la plage de 
reglage de la composition du melange est grande. 
[0041] Par ailleurs, la forme des rampes est adaptee 
pour maintenir la composition du melange dans une 
plage acceptable def inie par des contraintes de securrte 
ou liee au procede dans lequel le chalumeau est utilise. 
De plus, cet agencement, grace au troncon 102, permet 
un prereglage du melange a Tallumage et a ('extinction 



du chalumeau, evitant ainsi la production de claque- 
ments et de f lammeches. 

[0042] En variante, comme cela est represents sur la 
figure 4, il est possible de limiter de fagon differ enciee 

s I'ouverture ou la fermeture des deux vannes. Dans ce 
cas, les rampes 32A et 34A sont dissymetriques par 
rapport a l'axe Z-Z de la lumiere 30. 
[0043] Dans I'exemple represents, la rampe 32A prS- 
sente un prof il plus aplati que celui de la rampe 34A. Par 

w ailleurs, l'axe Y-Y de la tige 94 est decalS, le long du 
grand axe de I'ellipse 94, par rapport au centre de celle- 
ci. 

[0044] Cet agencement assure une reduction de la 
plage de reglage potentiel des deux gaz dans des 

15 domaines opposSs. Ainsi, tel que reprSsentS sur la 
figure 4, la fermeture de la vanne 12 est plus MmitSe que 
cede de la vanne 14, et, irrversement, I'ouverture de la 
vanne 14 est plus limitSe que celle de la vanne 12. 
[0045] On concoit que bien d'autres profits sont possi- 

20 bles pour les rampes 32A et 34A suivant la plage de 
compositions que I'on souhaite definir pour le mSlange 
en sortie du chalumeau en fonction du debit total des 
gaz. Par ailleurs, I'une des deux rampes peut Stre sup- 
primSe. De plus, la butSe 94 peut avoir toute autre 

25 forme appropriSe qu'une forme d'ellipse. 

[0046] Dans le mode de rSalisation reprSsentS, les 
sens de commande des vannes 12 et 14 sont identi- 
ques lorsque les roues de commande sont entraTnSes 
dans un meme sens. En variante, par inversion du sens 

30 de filetage de Pun des coulisseaux, les sens de com- 
mande des vannes sont opposSs lorsque les roues de 
commande sont entraTnSes dans un meme sens. Dans 
ces conditions, le debit total de gaz en sortie du chalu- 
meau est commands en tournant la poignSe 90 autour 

35 de son axe Y-Y alors que la composition du mSlange en 
sortie est commandSe par deplacement de cette meme 
poignSe le long de la lumiSre 30. 
[0047] De plus, il est possible d'utiliser des vannes 
dont I'ouverture dSpend de la position angulaire de la 

40 roue de commande associSe suivant une loi predSter- 
minSe, non linSaire. Une telle vanne peut etre obtenue 
par utilisation d'un pointeau coulissant assujetti a une 
surface de came liSe a la roue de commande et dont le 
prof il correspond a la loi de commande d'ouverture sou- 

45 haitSe. 

[0048] Suivant une autre variante, les roues de com- 
mande peuvent avoir des nombres de dents diffSrents 
sur leur surface d'entraTnement et des diametres diffS- 
rents. Dans ce cas, l'axe Y-Y de rotation de la roue 
so d'actionnement n'est plus orthogonal a l'axe X-X des 
roues de commande, mais il reste concourant a celui-ci. 

Revendications 

55 1. Dispositif d'actionnement combinS de deux orga- 
nes (10,12) a commande rotative, comportant deux 
roues (16,18) de commande associSes respective- 
ment aux deux organes (10,12) a commande rota- 
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five, les deux roues etarrt morrtees deplacables en 
rotation independamment Tune de I'autre autour 
d'un meme axe (X-X), et une troisieme roue 
d'actionnement (20) dont I'axe est concourant a 
I'axe (X-X) des deux roues de comma nde (1 6, 1 8) et 
qui coopere simultanement avec les deux roues de 
commande (16,18). laquelle troisieme roue (20) est 
montee deplacable en rotation, sous Taction de 
moyens de manoeuvre (22), d'une part autour de 
son propre axe (Y-Y), pour entraTner les deux roues 
de commande (16,18) en sens inverses, etd'autre 
part autour de I'axe de rotation (X-X) des deux 
roues de commande (16,18) suivant un arc de cer- 
cle pour entraTner celles-ci dans un meme sens. 

2. Dispositif selon la revendication 1, caracterise en 
ce que les roues de commande (16,18) sont des 
engrenages coniques. 

3. Dispositif selon la revendication 1 ou 2, caracterise 
en ce que les deux roues de commande (16,18) ont 
des diametres sensiblement egaux et I'axe de rota- 
tion (Y-Y) de la roue d'actionnement (20) est sensi- 
blement perpendiculaire a I'axe (X-X) de rotation 
des deux roues de commande (16,18). 

4. Dispositif selon I'une quelconque des revendica- 
tions precedentes, caracterise en ce que chaque 
roue de commande (16,18) est fixee a I'extremite 
d'un arbre (50), libre en rotation dans un alesage 
(48) d'un chassis de support (10). 

5. Dispositif selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que les 
moyens de manoeuvre (22) de la roue d'actionne- 
ment (20) comportent une tige (84) a une extremite 
de laquelle est fixee la roue d'actionnement (20) et 
a I'autre extremite de laquelle est p revue une poi- 
gnee de manoeuvre (90). 

6. Dispositif selon la revendication 5, caracterise en 
ce que la tige (84) est montee deplacable suivant 
un arc de cercle dans une lumiere de guidage (30) 
menagee dans une paroi cylindrique (29). 

7. Dispositif selon la revendication 5 ou 6, caracterise 
en ce que la tige (84) comporte une butee radiale 
(94) et en ce qu'il est prevu au moins une rampe 
(32A, 34A) disposee le long de la surface balayee 
par la tige (84), et adaptee pour cooperer avec la 
butee (94) pour limiter le debasement angulaire de 
la roue d'actionnement (20) autour de son axe (Y-Y) 
en fonction de la position angulaire de celle-ci 
autour de I'axe (X-X) des roues de commande 
(16,18). 

8. Dispositif selon la revendication 7, caracterise en 
ce qu'il comporte deux rampes (32A, 34A) dispo- 



sers de part et d'autre de la tige (84) et ayant des 
prof ils differents. 

9. Dispositif selon la revendication 7 ou 8, caracterise 
s en ce que la butee (94) a une forme sensiblement 

elliptique. 

10. Dispositif selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que les orga- 

10 nes a commande rotative sont des vannes (12,14) 
de commande de recoupment de gaz. 

11. Dispositif selon la revendication 10, caracterise en 
ce que les sens de commande des vannes (10,12) 

15 sont identiques lorsque les roues de commande 
(1 6,18) sont entraTnees dans un meme sens. 

12. Chaiumeau comportant un dispositif d'actionne- 
ment combine de deux vannes (12,14) de com- 

20 mande de I'ecoulement de deux gaz d 'alimentation 
selon la revendication 10 ou 1 1 . 

Claims 

25 1 . Device for the combined activation of two elements 
(10, 12) with rotary control, the said device having 
two control wheels (16, 18) respectively associated 
with the two elements (10, 12) with rotary control, 
the two wheels being mounted so as to be displace- 

30 able in rotation, independently of one another, 
about the same axis (X-X), and a third activating 
wheel (20), the axis of which is convergent with the 
axis (X-X) of the two control wheels (16, 18) and 
which simultaneously interacts with the said two 

35 control wheels (16, 18), which third wheel (20) is 
mounted so as to be displaceable in rotation, under 
the action of manoeuvring means (22), on the one 
hand about its own axis (Y-Y) in order to drive the 
two control wheels (16, 18) in opposite directions, 

40 and on the other hand about the axis of rotation (X- 
X) of the two control wheels (1 6, 1 8) along a circular 
arc in order to drive the said control wheels in the 
same direction. 

45 2. Device according to claim 1 , characterised in that 
the control wheels (16, 18) are bevel gears. 

3. Device according to claim 1 or 2, characterised in 
that the two control wheels (16, 18) have substan- 
50 tially equal diameters and the axis of rotation (Y-Y) 
of the activating wheel (20) is substantially perpen- 
dicular to the axis (X-X) of rotation of the two control 
wheels (16, 18). 

55 4. Device according to any one of the preceding 
claims, characterised in that each control wheel 
(16, 18) is fixed to the end of a shaft (50) which is 
free to rotate in a bore (48) in a supporting frame 
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(10). 

5. Device according to any one of the preceding 
claims, characterised in that the means (22) for 
manoeuvring the activating wheel (20) have a rod 
(84), to one end of which the activating wheel (20) 
is fixed and on the other end of which a manoeu- 
vring handle (90) is provided. 

6. Device according to claim 5, characterised in that 
the rod (84) is mounted so as to be displaceable 
along a circular arc in a guiding opening (30) 
arranged in a cylindrical wall (29). 

7. Device according to claim 5 or 6. characterised in 
that the rod (84) has a radial stop (94) and in that 
there is provided at least one ramp (32A, 34A) 
which is disposed along the surface swept by the 
rod (84) and is adapted to interact with the stop (94) 
in order to limit the angular clearance of the activat- 
ing wheel (20) about its axis (Y-Y) in accordance 
with the angular position of the said wheel about the 
axis (X-X) of the control wheels (16, 18). 

8. Device according to claim 7, characterised in that it 
has two ramps (32A, 34A) disposed on either side 
of the rod (84) and having different profiles. 

9. Device according to claim 7 or 8, characterised in 
that the stop (94) has a substantially elliptical 
shape. 

10. Device according to any one of the preceding 
claims, characterised in that the elements with 
rotary control are gas flow control valves (12, 14). 

11. Device according to claim 10, characterised in that 
the directions of control of the valves (10, 12) are 
identical when the control wheels (16, 18) are 
driven in the same direction. 

1 2. Blowtorch having a device for the combined activa- 
tion of two valves (12, 14) for controlling the flow of 
two supply gases, in accordance with claim 10 or 
11. 

PatentansprOche 

1. Vorrichtung zur kombinierten Verstellung von zwei 
drehbetatigbaren Mitteln (10, 12), umfassend zwei 
Betatigungsrader (16. 18), die jeweils mit dem ent- 
sprechenden drehbetatigbaren Mittel (10, 12) ver- 
bunden und voneinander unabhangig drehbar auf 
derselben Achse (X-X) angeordnet sind, und ein 
drittes Betatigungsrad (20), dessen Achse sich mit 
der Achse (X-X) der zwei Betatigungsrader (16, 18) 
kreuzt und das gleichzeitig auf beide Betatigungs- 
rader (16, 18) einwirkt, welches dritte Rad (20) Qber 



Bedrenungsmittel (22) einerseits zum gegensinni- 
gen Antrieb der zwei Betatigungsrader (16, 18) um 
seine eigene Achse (Y-Y) und andererseits entlang 
eines Kreisbogens um die Drehachse (X-X) der 
5 zwei Betatigungsrader (1 6, 1 8) drehbar ist, um letz- 

tere gleichsinnig anzutreiben. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Betatigungsrader (16, 18) Kegel- 

10 rader sind. 

3. Vorrichtung nach Anspruch 1 Oder 2, dadurch 
gekennzeichnet, daft die zwei Betatigungsrader 
(16, 18) etwa gleiche Durchmesser haben und die 

is Drehachse (Y-Y) des dritten Betatigungsrades (20) 
ungefahr rechtwinWig zur Drehachse (X-X) der zwei 
Betatigungsrader (16, 18) stent. 

4. Vorrichtung nach einem der vorstehenden Anspru- 
20 che, dadurch gekennzeichnet, da6 jedes Betati- 
gungsrad (16. 18) am Ende einer Welle (50) sitzt, 
die in einer Bohrung (48) eines Gestells (10) frei 
drehbar ist. 

25 5. Vorrichtung nach einem der vorstehenden AnsprQ- 
che, dadurch gekennzeichnet, daB die Bedienungs- 
mittel (22) des dritten Betatigungsrades (20) eine 
Stange (84) umfassen, an deren einem Ende die- 
ses Betatigungsrad (20) sitzt und an deren ande- 
30 rem Ende sich ein Bedienungsgriff (90) befindet. 

6. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die Stange (84) in einem in einer 
zylindrischen Wand (29) ausgesparten FOhrungs- 

35 schlitz (30) entlang eines Kreisbogens verschwenk- 
bar angeordnet ist. 

7. Vorrichtung nach Anspruch 5 Oder 6, dadurch 
gekennzeichnet, daB die Stange (84) einen radia- 

40 len Anschlag (94) aufweist und daB sie mit minde- 
stens einer Fuhrungsbahn (32A, 34A) versehen ist, 
die entlang der von der Stange (84) bestrichenen 
Fiache angeordnet ist und mit dem Anschlag (94) 
zusammenwirkt, so daB der Winkelversatz des drit- 
45 ten Betatigungsrades (20) um seine Achse (Y-Y) in 
Abhangigkeit von der Winkelstellung derselben 
bezuglich der Achse (X-X) der Betatigungsrader 
(16, 18)begrenztist. 

so 8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, daB sie zwei Fuhrungsbahn en (32 A. 34A) 
umfaBt, die bekJseits der Stange (84) angeordnet 
sind und unterschiedliche Profile haben. 

55 9. Vorrichtung nach Anspruch 7 oder 8, dadurch 
gekennzeichnet, daB der Anschlag (94) eine etwa 
elliptische Form hat. 
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10. Vorrichtung nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, da 3 die drehbetatig- 
baren Mittel Steuerventile (12, 14) zur Abgabe von 
Gas sind. 

5 

11. Vorrichtung nach Anspruch 10, dadurch gekenn- 
zeichnet, daft die Steuerrichtung der Ventile (10, 
12) identisch ist, wenn die Betatigungsrader (16, 
18) gleichsinnig angetrieben werden. 

10 

12. SchweiGbrenner, umfassend eine Vorrichtung zur 
kombinierten Verstellung von zwei Steuerventilen 
(12, 14) zur Abgabe von zwei Versorgungsgasen 
nach Anspruch 10 Oder 1 1 . 
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(54) Apparatus and method for vascular hole closure 

(57) An apparatus and method are disclosed for 
applying a surgical clip to an exterior wall of a blood ves- 
sel to at least partially close a hole formed therein. The 
apparatus includes a handle portion, an elongated body 
extending distally from the handle portion and dimen- 
sioned to extend through a hole in the wall of a blood 
vessel, and a collapsible locator associated with a distal 
end portion of the elongated body and mounted for 
movement between a collapsed position and an 
expanded deployed position. The locator is adapted to 
expand within an interior lumen of the blood vessel to 
maintain the distal end portion of the elongated body in 
a desired location with respect to the hole in blood ves- 
sel wall such that a surgical clip releasably supported 
adjacent the distal end portion of the elongated body 
can be applied to the exterior wall of the blood vessel to 
close the hole formed therein. 
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Description 
BACKGROUND 

1. Technical Field s 

The present disclosure relates to an apparatus and 
method for closing a hole or puncture in a blood vessel, 
and more particularly, to an apparatus for applying a 
surgical clip to a Wood vessel to close a hole formed 
therein during an intravascular catheterization proce- 
dure. 

2. Background of Related Art 

When performing a catheterisation procedure such 
as, for example, an angiography or angioplasty, a sharp- 
ened hollow needle is first percutaneously introduced 
into the vascular system. A guide wire is then inserted 
through the hollow needle and into the lumen of a 
selected blood vessel. Subsequently, the needle is 
removed and a dilator and/or introducer is fed into the 
vessel along the guide wire. The guide wire is then 
removed and a suitable catheter is fed through the 
lumen of the introducer and advanced through the vas- 
cular system until the working end thereof is positioned 
at the operating site. At the conclusion of the catheteri- 
zation procedure, the catheter is withdrawn, and subse- 
quently, the dilator and/or introducer is also removed 
from the wound. 

At this point in the procedure, the vessel puncture 
must be sealed in order to stem the flow of blood there- 
through. Because it is often common practice to admin- 
ister a blood thinning agent to the patient prior to the 
catheterization procedures, stemming the blood flow 
can be troublesome. A common method of healing the 
wound is to maintain external pressure over the vessel 
until the puncture naturally seals. This method of punc- 
ture closure typically takes about thirty minutes, with the 
length of time usually being greater if the patient is 
hypertensive or anti-coagulated. When hand pressure 
is utilized, it can be uncomfortable for the patient and 
can use costly professional time on the part of the hos- 
pital staff. Other pressure application techniques, such 
as pressure bandages, sandbags or clamps, have been 
employed, but these devices also require the patient to 
remain motionless for an extended period of time and 
the patient must be closely monitored to ensure their 
effectiveness. 

Other devices have been disclosed which plug or 
otherwise provide an obstruction in the area of the 
puncture. See, for example, U.S. Patent Nos. 4,852,568 
and 4,890.612, wherein a collagen plug is disposed in 
the blood vessel opening. When the plug is exposed to 
body fluids, it swells to create a block for the wound in 
the vessel wall. A potential problem of plugs introduced 
into the vessel is that particles may break off and float 
downstream to the point where they may lodge in a 
smaller vessel, causing an infarct to occur. Collagen 



material also acts as a nidus for platelet aggregation 
and, therefore, can cause intraluminal deposition of 
hemostatic agent, thereby creating the possibility of a 
thrombosis at the puncture sight. Other plug-like 
devices are disclosed, for example, in U.S. Patent Nos. 
5.342.393; 5,370,660; and 5,41 1 ,520. 

Surgical clips and clip appliers are known and have 
been used in vascular surgery, particularly to join sev- 
ered vessels. See, for example, U.S. Patent No. 
4,929,240 (Kirsch, et al.). The clips disclosed in the '240 
Patent provide an advantage over suturing by decreas- 
ing the likelihood of clotting and vascular damage, par- 
ticularly in micro-vascular repair procedures. While 
vascular clips have been successfully used in surgery, 
the surgical procedures in which the clips are used typ- 
ically allow the surgeon to view the area to be clipped. 
In catheter puncture repair procedures, however, the 
wound is generally not visible, making proper clip appli- 
cation, if attempted, difficult. 

Therefore, there is a need for surgical techniques 
and apparatus suitable for closing punctures in blood 
vessels, particularly those created during catheteriza- 
tion procedures. This need requires a reliable hemosta- 
sis of the puncture in a quick and efficient manner. It 
would also be advantageous to close the puncture with- 
out disposing any foreign substances within the vessel, 
thereby preventing the likelihood of introducing foreign 
matter into the circulatory system. The technique also 
needs to be performed without directly viewing the 
punctured vessel. 

SUMMARY 

The subject application is directed to an apparatus 
and method for applying a surgical clip to an exterior 
wall of a blood vessel to at least partially close a hole 
formed therein during a catheterization procedure. The 
apparatus includes a handle portion, an elongated body 
extending distally from the handle portion and dimen- 
sioned to extend through a hole in the wall of a blood 
vessel, and a collapsible locator operatively associated 
with the elongated body and mounted for movement 
between a collapsed retracted position disposed within 
a distal end portion of the elongated body and an 
expanded deployed position extending from the distal 
end portion of the elongated body. The locator is prefer- 
ably adapted and configured to expand within an interior 
lumen of the blood vessel in the deployed position to 
maintain the distal end portion of the elongated body in 
a desired location with respect to the hole in blood ves- 
sel wall. A surgical clip is releasably supported adjacent 
the distal end portion of the elongated body which is 
configured for application to the exterior wall of the 
blood vessel to at least partially close the hole formed 
therein when the locator is substantially in the deployed 
position. 

Preferably, the surgical clip has a pair of opposed 
clip legs connected by a bail portion, and the bail portion 
has an aperture provided therein to accommodate 
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movement of the locator from the deployed position to 
the retracted position upon application of the clip to the 
exterior wall of the blood vessel. A control rod extends 
from the handle portion through the elongated body and 
is mounted for movement between a proximal position 
and a distal position to effectuate the movement of the 
collapsible locator between the retracted position and 
the deployed position, and a control knob is operatively 
mounted to a proximal end of the control rod to facilitate 
the longitudinal movement thereof. The control knob 
preferably includes means for releasably engaging the 
handle portion when the collapsible locator is disposed 
in the deployed position. 

In a preferred embodiment of the subject appara- 
tus, the elongated body includes an outer tubular mem- 
ber mounted for axial movement with respect to the 
handle portion between a proximal position and a distal 
position, and structure is provided adjacent a distal end 
of the elongated body for releasably supporting the sur- 
gical clip. A pair of diametrically opposed camming 
ramps are preferably formed adjacent a distal end of the 
elongated body, distal of the clip support structure, to 
cause the opposed legs of the surgical clip to move 
between a closed position and an open position in 
response to longitudinal movement of the outer tubular 
member from the distal position toward the proximal 
position. 

An actuation handle is operatively associated with 
the handle portion of the surgical apparatus and is 
mounted for manipulation through an actuating stroke. 
Preferably, movement of the actuation handle through a 
first segment of the actuating stroke causes the outer 
tubular member to move from the proximal position to 
the distal position, and movement of the actuation han- 
dle through a second segment of the actuating stroke 
causes the actuation rod to move from the distal posi- 
tion to the proximal position. In addition, movement of 
the actuation handle through the second segment of the 
actuating stroke releases the control knob from an 
engaged position. 

In a preferred embodiment of the surgical appara- 
tus disclosed herein, distal and proximal actuating 
members are supported within the handle portion and 
are operatively connected to the actuation handle. Pref- 
erably, a first control link connects the distal actuating 
member to the actuation handle and second control link 
connects the proximal actuating member to the actua- 
tion handle. The distal actuating member is also con- 
nected to a proximal end of the outer tubular member, 
and the proximal actuating member is also connected to 
a release tube which is dimensioned to interact with the 
control knob upon movement of the actuation handle 
through the second segment of the actuating stroke. 

The method disclosed herein includes the steps of 
taking an elongated body having a surgical clip sup- 
ported adjacent a distal end portion thereof, extending 
the elongated body through the hole in the Wood vessel 
such that at least a distal end portion thereof projects 
into an interior lumen of the blood vessel, and deploying 



a locator from the distal end portion of the elongated 
body into the interior lumen of the blood vessel to main- 
tain the elongated body in a desired position with 
respect to the hole in the wall of the blood vessel. The 

5 method further includes the steps of applying the surgi- 
cal clip to the exterior wall of the blood vessel to at least 
partially close the hole therein, and retracting the loca- 
tor from the interior lumen of the blood vessel. 

In a preferred embodiment of the method, the step 

w of applying the surgical clip includes the step advancing 
the surgical clip in a distal direction from a proximal sup- 
port position on the elongated body, and the step of 
moving the surgical clip between open and closed posi- 
tions. The step of deploying the locator includes the 

15 step of moving the locator from a collapsed position 
within the distal end position of the elongated body to an 
expanded position extending from the distal end portion 
of the body- Preferably, the step of withdrawing the loca- 
tor is concomitant with the step of applying the surgical 

20 clip to the exterior wall of the blood vessel. 

Further features of the surgical apparatus and 
method of the subject application will become more 
readily apparent to those skilled in the art from the fol- 
lowing detailed description of the apparatus and method 

25 taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments of the surgical apparatus and 
30 method of the subject application will be described 
hereinbelow with reference to the drawings wherein: 

Fig. 1 is a perspective view of a surgical apparatus 
constructed in accordance with a preferred embod- 
35 iment of the subject invention in a pre-operative 
condition; 

Fig. 2 is an enlarged perspective view of the distal 
end portion of the surgical apparatus of Fig. 1 illus- 
40 trating the surgical clip releasably supported ther- 
eon; 

Fig. 3 is an exploded perspective view of the elon- 
gated body of the surgical apparatus of Fig. 1 with 
45 the components thereof separated for ease of illus- 
tration; 

Fig. 4 is an enlarged perspective view of the distal 
end portion of the elongated body of Fig. 3 illustrat- 
50 ing the surgical clip and clip support structure asso- 
ciated therewith; 

Fig. 5 is an enlarged perspective view of the distal 
end portion of the clip advancement tube of the 
55 elongated body illustrated in Fig. 3; 

Fig. 6 is a perspective view of the handle portion of 
the surgical apparatus of Fig. 1 with the left housing 
section removed to illustrate the internal compo- 
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nents housed therein; 

Fig. 7 is an exploded perspective view of the handle 
portion shown in Fig. 6 with the components thereof 
separated for ease of illustration; 5 

Fig. 8 is an exploded perspective view of the locator 
and the distal end portion of the control rod to which 
the locator is mounted; 

10 

Fig. 9 is an enlarged perspective view of the cou- 
pling area of the locator illustrated in Fig. 8; 

Fig. 10 is a perspective view of the locator in an 
expanded condition mounted to the distal end of the 15 
control rod; 

Fig. 11 is a perspective view of a cannula extending 
through a hole in the wall of a blood vessel with the 
elongated body of the surgical apparatus of Fig. 1 20 
extended therethrough; 

Fig. 12 is an enlarged perspective view of the loca- 
tor extended from the distal end portion of the sur- 
gical apparatus of Fig. 1 and collapsed within the 
cannula; 



Fig. 17 and illustrating the surgical clip in an open 
position; 

Fig. 19 is a perspective view of the distal end por- 
tion of the elongated body of the surgical apparatus 
of Fig. 1 illustrating the clip advancement tube 
advanced to a distal-most position to cause the sur- 
gical clip to move to a closed position; 

Fig. 20 is a side elevational view corresponding to 
Fig. 19 and illustrating the surgical clip in a closed 
position; 

Fig. 21 is a side elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the compo- 
nents associated therewith in positions correspond- 
ing to the locator being withdrawn to a retracted 
position; and 

Fig. 22 is a side elevational view of the surgical clip 
applied to the exterior wall of the blood vessel to 
close the hole formed therein. 
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25 DETAILED DESCRIPTION OF PREFERRED EMBOD- 



Fig. 13 is a side elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the internal 
components associated therewith in a pre-opera- 
tive condition; 

Fig. 14 is a side-elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the internal 
components associated therewith in a condition 
corresponding to the locator being disposed in a 
deployed position; 

Fig. 15 is a perspective view of a distal end portion 
of the elongated body of the surgical apparatus of 
Fig. 1 illustrating the locator disposed in a deployed 
position within the interior lumen of a blood vessel; 

Fig. 16 is a side elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the compo- 
nents associated therewith in positions correspond- 
ing to the clip advancement tube being advanced 
toward a distal position; 

Fig. 1 7 is a perspective view of the distal end por- 
tion of the elongated body of the surgical apparatus 
of Fig. 1 illustrating the clip advancement tube 
advanced distaliy to cause the surgical clip to move 
to an open position; 

Fig. 18 is a side-elevational view corresponding to 



In the drawings and in the description which follows, 
the term "proximal", as is traditional, will refer to the end 

30 of the apparatus which is closest to the operator, while 
the term "distal" will refer to the end of the apparatus 
which is furthest from the operator. 

Referring now to the drawings wherein like refer- 
ence numerals identify similar structural elements dis- 

35 closed herein, there is illustrated in Fig. 1 a surgical 
apparatus constructed in accordance with a preferred 
embodiment of the subject application and designated 
generally be reference numeral 10. Surgical apparatus 
10 is adapted and configured to apply a surgical clip to 

40 the exterior wall of a blood vessel to at least partially 
close a hole formed therein during a catheterization pro- 
cedure, such as, for example, an angioplasty or angiog- 
raphy procedure. 

Referring to Fig. 1 , surgical apparatus 10 includes a 

45 handle assembly 12 consisting of right and left housing 
sections 12a and 12b which together define an elon- 
gated barrel portion 14, a stationary handle 16 depend- 
ing from barrel portion 14, and a pivoting actuation 
handle or trigger 18 mounted for movement with respect 

so to stationary handle 16. An elongated body 20 extends 
distaliy from the barrel portion 14 of handle assembly 
1 2, and a surgical clip 22 is releasably supported on a 
distal end portion of elongated body 20, as illustrated in 
Fig. 2. As best seen in Fig. 4, surgical clip 22 includes a 

55 pair of opposed clip legs 24a and 24b connected to one 
another by a bail portion 26. Each clip leg is provided 
with a pair of tissue engagement projections 25 for 
securely engaging the exterior wall of the blood vessel 
to which it is applied (see Fig. 22). Clip legs 24a and 24b 
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are normally biased into a closed position resulting from 
the overall configuration of surgical clip 22 and the 
material from which the clip is constructed. The material 
of construction may be selected from a group consisting 
of bio-compatible materials, including, for example, 
stainless steel, titanium, and tantalum. Other materials 
of construction such as bio-absorbab!e polymers are 
also envisioned. 

Referring to Fig. 3, the elongated body 20 of surgi- 
cal apparatus 10 includes a main support shaft 30 hav- 
ing an elongated bore 30a extending therethrough. 
Support shaft 30 extends through the barrel portion 14 
of handie assembly 1 0 and is mounted adjacent a prox- 
imal end thereof in a conventional manner. A clip sup- 
port fixture 34 is mounted in axial bore 30a adjacent the 
distal end of support shaft 30. As best seen in Fig. 4, 
support fixture 34 is configured to releasably support 
surgical clip 22 and includes a pair of diametrically 
opposed rails 36a and 36b dimensioned to interact with 
a crescent shaped aperture 38 defined in the bail por- 
tion 26 of surgical clip 22. Rails 36a and 36b terminate 
in distally extending camming ramps 40a and 40b, 
respectively, which effectuate movement of clip legs 24a 
and 24b between closed and open positions as surgical 
clip 22 is advanced in a distal direction during a hole 
closing procedure. 

Advancement of surgical clip 22 in a distal direction 
relative to camming ramps 40a and 40b is accom- 
plished through the axial translation of an elongated 
pusher tube 42. Pusher tube 42 is mounted coaxial with 
support shaft 30 and is configured to translate with 
respect thereto in response to manipulation of actuation 
handle 18 to drive surgical clip 22 distally. As best seen 
in Fig. 5, spaced apart arcuate engagement fingers 44a 
and 44b project distally from pusher tube 42 to engage 
the crescent spaced aperture 38 defined in the bail por- 
tion 26 of surgical clip 22. Diametrically opposed elon- 
gate slots 46a and 46b are formed in the distal portion 
of pusher tube 42 to accommodate rails 36a and 36b 
during the distal translation of the pusher tube with 
respect to support shaft 30. 

Referring now to Figs. 6 and 7, a set pin 45 fixedly 
connects the proximal end of pusher tube 42 to a distal 
actuation block 48 which is housed within the barrel por- 
tion 14 of handle assembly 12. Actuation block 48 
includes opposed lateral guide ribs 50a and 50b which 
translate within opposed guide slots formed in the inte- 
rior surfaces of right and left housing sections 1 2a and 
12b, i.e.. guide slot 53. A coupling link 54 connects dis- 
tal actuation block 48 to actuation handle 18 such that 
manipulation of actuation handle 18 causes actuation 
block 48 to translate distally, urging pusher tube 42 in a 
distal direction. Coupling pins 54a and 54b pivotal ly 
connect coupling link 54 to actuation block 48 and actu- 
ation handle 18. 

Referring now to Figs. 8-10, surgical apparatus 10 
also includes a locator 60 in the form of a collapsible 
loop or ring adapted and configured to maintain the dis- 
tal end portion of elongated body 20 in a desired posi- 



tion with respect to the hole in the wall of a blood vessel 
during a hole closing procedure. Locator 60 includes a 
pair of locator arms 62 and 64 which are constructed 
from a resilient material that preferably displays shape 

5 memory characteristics, such as, for example, a mate- 
rial or alloy consisting of a composition of nickel and tita- 
nium. Locator arms 62 and 64 include elongate 
proximal extension portions 62a and 64a, respectively, 
and arcuate expansion portions 62b and 64b, respec- 

w tively. As best seen in Fig. 9, the terminal end of arcuate 
expansion portion 62b includes an engagement notch 
63 for receiving and retaining a complementary engage- 
ment finger 65 formed at the terminal end of arcuate 
expansion portion 64b. When engaged and situated in a 

75 relaxed unstressed condition, resilient expansion por- 
tions 62b and 64b form an endless loop-like structure. 
As best seen in Fig. 8, when assembled, the proximal 
ends of extension portions 62a and 64a are approxi- 
mated and secured to a coupling flange 66 which is pro- 

20 vided at the distal end of an elongated control rod 68 
which facilitates movement of locator 60 with respect to 
support tube 30 during a hole closing procedure. 

Referring again to Figs. 6 and 7, the elongated con- 
trol rod 68 extends through the axial bore 30a of support 

25 tube 30, into the barrel portion 14 of handle assembly 
12, through the axial bores 48a and 70a of distal and 
proximal actuation blocks 48 and 70, out of the proximal 
end of barrel portion 1 4, and into the axial bore 75a of a 
cylindrical control knob 75 operatively associated with 

30 handle assembly 1 2. The proximal end of control rod 68 
is fixedly maintained within axial bore 75a of control 
knob 75 by a fastener 77 (see Fig. 13). Control knob 75 
facilitates the longitudinal translation of control rod 68 
between proximal and distal positions, and hence the 

35 movement of locator 60 from a collapsed (stressed) 
position disposed within the axial bore 34a of support 
fixture 34 to a deployed (unstressed) position extending 
from the distal end of support fixture 34. Control knob 
75 includes a pair of engagement tabs 74a and 74b for 

40 releasably engaging a pair of complementary retention 
notches formed on the exterior of housing sections 1 2a 
and 12b. i.e.. retention notch 76. when locator 60 is dis- 
posed in a deployed position. 

With continuing reference to Figs. 6 and 7, an elon- 

45 gated release tube 78 extends proximal ly from the prox- 
imal actuation block 70 to interact with, and effect the 
disengagement of control knob 75 upon manipulation of 
actuation handle 18. More particularly, proximal actua- 
tion block 70. which includes guide ribs 72a and 72b 

so that translate within opposed guide slots formed in 
housing sections 12a and 12b, i.e., guide slot 73. is con- 
nected to actuation handle 18 by a coupling link 82. 
Coupling pins 82a and 82b pivotabty connect coupling 
link 82 to actuation block 70 and actuation handle 18. 

55 Thus, manipulation of actuation handle 18 causes actu- 
ation block 70 to translate in a proximal direction, 
whereupon release tube 78 enters the axial bore 75a of 
control knob 75 and urges the control knob proximally to 
disengage tabs 74a and 74b. As discussed in further 
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detail hereinbelow, the distal and proximal actuation 
blocks 48 and 70 are connected to actuation handle 18 
in such a manner so that control knob 75 will not be 
released until pusher tube 42 has been advanced to its 
distal -most position. s 

Referring now to Fig. 1 1 , in use, the elongated body 
20 of surgical apparatus 10 is introduced into the interior 
lumen 102 of blood vessel 104 through a conventional 
cannula 100 which had previously been extended 
through the hole 106 formed in the wall of blood vessel 10 
104 during the catheterization procedure. Thereupon, 
locator 60 is moved distally through the translation of 
control knob 75 from its proximal-most position illus- 
trated in Fig. 13 to its distal-most position illustrated in 
Fig. 14. Moreover, locator 60 is advanced from its prox- 15 
imal-most position disposed within the axial bore 34a of 
clip support fixture 34 to its distal-most position extend- 
ing from the distal end of clip support fixture 34. At such 
a time, the arcuate expansion portions 62b and 64b of 
locator arms 62 and 64 remain in a collapsed (stressed) 20 
condition restrained within the interior lumen of cannula 
100, as best seen in Fig. 12. When control knob 75 is in 
its proximal-most position shown in Fig. 14, engage- 
ment tabs 74a and 74b are releasably engaged to the 
proximal end of barrel portion 14, thereby securing the 25 
longitudinal orientation of control rod 68 and locator 60. 

Referring now to Fig. 15, after locator 60 is moved 
into its distal-most position, cannula 100 is withdrawn in 
a proximal direction with respect to elongated body 20 
to a retracted position. Consequently, the arcuate 30 
expansion portions 62b and 64b of locator arms 62 and 
64 move into their deployed (unstressed) positions, 
forming the loop-like structure which maintains the dis- 
tal end portion of elongated body 20 in a desired posi- 
tion with respect to the hole 106 in the wall of Wood 35 
vessel 104. In this deployed position, the geometric 
plane defined by locator 60 is oriented parallel to the 
elongation of blood vessel 104. Accordingly, the 
opposed clip legs 24a and 24b of surgical clip 22 extend 
in a direction which is perpendicular to the elongation of 40 
blood vessel 104. 

Once locator 60 is deployed, the clip application 
portion of the vascular hole closure procedure may 
commence. To apply surgical clip 22 to the exterior wall 
of blood vessel 104 to at least partially close the hole 45 
106 formed therein, actuation handle 18 is initially 
moved through the first segment of an actuation stroke, 
with guide pin 90 serving as the pivot point for actuation 
handle 18. During this time, actuation handle 18 causes 
the distal actuation block 48 to translate from its proxi- so 
mal-most position illustrated in Fig. 14 to its distal-most 
position illustrated in Fig. 16 through a distance Xf 
within the barrel portion 14 of handle assembly 12. As a 
result, pusher tube 42 is driven distally, urging surgical 
clip 22 in a distal direction. 55 

Initially, during the distal advancement of surgical 
clip 22, the opposed clip legs 24a and 24b of surgical 
clip 22 are moved to an open position as the clip trans- 
lates with respect to camming ramps 40a and 40b, as 



illustrated in Figs 17 and 18. Subsequently, as actuation 
block 48 approaches its distal-most position within bar- 
rel portion 14, pusher tube 42 advances surgical clip 22 
passed camming ramps 40a and 40b so that clip legs 
24a and 24b return to a closed portion, as illustrated in 
Figs. 19 and 20. More specifically, when camming 
ramps 40a and 40b meet the crescent shaped aperture 
38 in the bail portion 26 of surgical 22, clip legs 24a and 
24b return to their normally biased closed position. 

Referring back to Fig. 14, prior to the manipulation 
of actuation handle 18 through the first segment of its 
actuating stroke, the proximal end of release tube 78 is 
disposed slightly distal of the axial bore 75a of control 
knob 75. As shown in Fig. 16, however, during the 
manipulation of actuation handle 18 through the first 
segment of its actuating stroke, the proximal actuation 
block 70 and release tube 78 translate in a proximal 
direction through a distance "Xp" which is substantially 
less than the distance "Xd" through which the distal actu- 
ation block 48 travels during the same period of time. 
Consequently, during the first segment of the actuating 
stroke of actuation handle 18. the proximal end of 
release tube 78 translates only a short distance within 
the axial bore 75a of control knob 75, remaining free 
from contact with the proximal wall of axial bore 75a, 
and having no effect of the longitudinal position of con- 
trol knob 75. 

However, as illustrated in Fig. 21 , once the distal 
actuation block 48 reaches its distal-most position, the 
pivot point of actuation handle 1 8 transfers from guide 
pin 90 to coupling pin 54a. As a result, the remaining 
portion of the actuating stroke of actuation handle 18 is 
guided by the interaction of guide pin 90 and the arcuate 
guide slot 92 formed in actuation handle 18. Conse- 
quently, further manipulation of actuation handle 18 
toward stationary handle 16 urges proximal actuation 
block 70 in a proximal direction, driving release tube 78 
proximally. As a consequence, control knob 75 is urged 
proximally, causing the release of engagement tabs 74a 
and 74b from the complementary notches formed at the 
proximal end of barrel portion 14, and effectuating the 
proximal withdrawal of control rod 68 relative to support 
tube 30. Accordingly, the arcuate expansion portions 
62b and 64b of locator 60 are withdrawn into the axial 
bore 34a of support fixture 34, through the crescent 
shaped aperture 38 formed in the bail portion 26 of sur- 
gical clip 22. 

Following the withdrawal of locator 60 into the axial 
bore 34a of support fixture 34, the distal end portion of 
the elongated body 20 of surgical apparatus 10 may be 
withdrawn from the surgical site. As best seen in Fig. 22, 
at the conclusion of the procedure, the opposed legs 
24a and 24b of surgical clip 22 are securely engaged to 
the exterior wall of blood vessel 1 04 such that the hole 
once formed therein is closed, thereby preventing blood 
from flowing therethrough. 
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Claims 



An apparatus for applying a surgical clip to an exte- 
rior wad of a blood vessel to at least partially close 
a hole formed therein comprising: 5 

a) a handle portion; 

b) an elongated body extending distally from 
the handle portion and dimensioned to extend io 
through a hole in the wall of a blood vessel; 

c) a collapsible locator operatively associated 
with the elongated body and mounted for 
movement between a collapsed retracted posi- is 
tion disposed within a distal end portion of the 
elongated body and an expanded deployed 
position extending from the distal end portion 

of the elongated body, the locator ring being 
adapted and configured to expand within an 20 
interior lumen of the blood vessel in the 
deployed position to maintain the distal end 
portion of the elongated body in a desired loca- 
tion with respect to the hole in blood vessel 
wall; and 2s 

d) a surgical clip releasably supported adjacent 
the distal end portion of the elongated body 
and configured for application to the exterior 
wall of the blood vessel to at least partially 30 
close the hole formed therein when the locator 

is substantially in the deployed position. 



3. 



4. 



An apparatus as recited in Claim 1, wherein the 
locator has a generally loop-like configuration in the 
deployed position. 

An apparatus as recited in Claim 1 or 2, wherein at 
least a portion of the locator is formed from a mate- 
rial having shape memory characteristics. 



of the control rod to facilitate the longitudinal move- 
ment thereof. 

7. An apparatus as recited in Claim 6, wherein the 
control knob includes a pair of opposed locking tabs 
configured to releasably engage complementary 
reception structures provided on a proximal end 
portion of the handle portion when the collapsible 
locator is disposed in the deployed position. 

8. An apparatus as recited in any one of the preceding 
claims, wherein the elongated body includes an 
outer tubular member mounted for axial movement 
with respect to the handle portion between a proxi- 
mal position and a distal position. 

9. An apparatus as recited in any one of the preceding 
claims, wherein support structure is provided adja- 
cent a distal end of the elongated body for releasa- 
bly supporting the surgical clip. 

1 0. An apparatus a recited in Claim 9, wherein a pair of 
diametrically opposed camming ramps are formed 
adjacent a distal end of the elongated body distal of 
the clip support structure, the camming ramps 
causing the opposed arms of the surgical clip to 
move between a closed position and an open posi- 
tion in response to longitudinal movement of the 
outer tubular member from the distal position 
toward the proximal position. 



An apparatus as recited in Claim 1 , 2 or 3, wherein 
the surgical clip has a pair of opposed clip legs con- 
nected by a bail portion, and the bail portion has an 
aperture provided therein to accommodate move- 45 
ment of the locator from the deployed position to the 
retracted position upon application of the clip to the 
exterior wall of the blood vessel. 



1 1 . An apparatus as recited in any one of the preceding 
claims, wherein an actuation handle is operatively 
associated with the handle portion and is mounted 

35 for manipulation through an actuating stroke. 

12. An apparatus as recited in Claim 11, wherein move- 
ment of the actuation handle through a first seg- 
ment of the actuating stroke causes the outer 

40 tubular member to move from the proximal position 
to the distal position, and movement of the actua- 
tion handle through a second segment of the actu- 
ating stroke causes the control rod to move from the 
distal position to the proximal position. 



13. An apparatus as recited in Claim 12, wherein move- 
ment of the actuation handle through the second 
segment of the actuating stroke releases the con- 
trol knob from an engaged position. 



An apparatus as recited in Claim 4, wherein a con- so 
trol rod extends from the handle portion through the 1 4. 
elongated body and is mounted for movement 
between a proximal position and a distal position to 
effectuate the movement of the collapsible locator 
between the retracted position and the deployed ss 
position. 

An apparatus as recited in Claim 5, wherein a con- 
trol knob is operatively mounted to a proximal end 



An apparatus as recited in Claim 12 or 13, wherein 
distal and proximal actuating members are sup- 
ported with the handle portion and are operatively 
connected to the actuation handle, the distal actuat- 
ing member connected to a proximal end of the 
outer tubular member and the proximal actuating 
member connected to a release tube which is 
dimensioned to interact with the control knob upon 
movement of the actuation handle through the sec- 
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ond segment of the actuating stroke. 

15. An apparatus as recited in Claim 14, wherein a first 
control link connects the distal actuating member to 
the actuation handle and second control link con- 
nects the proximal actuating member to the actua- 
tion handle. 

1 6. An apparatus for applying a surgical clip to an exte- 
rior wall of a blood vessel to at least partially close 
a hole formed therein comprising: 

a) a handle portion; 

b) an elongated body extending distally from 
the handle portion and dimensioned to extend 
through a hole in the wall of a blood vessel; and 

c) a collapsible locator operatively associated 
with a distal end portion of the elongated body 
and mounted for movement between a col- 
lapsed retracted position and an expanded 
deployed position, the locator being adapted 
and configured to expand within an interior 
lumen of the blood vessel to maintain the distal 
end portion of the elongated body in a desired 
location with respect to the hole in the blood 
vessel wall, such that a surgical clip releasably 
supported adjacent the distal end portion of the 
elongated body can be applied to the exterior 
wall of the blood vessel to at least partially 
close the hole formed therein when the locator 
is substantially in the deployed position. 

17. An apparatus for applying a surgical clip to an exte- 
rior wall of a blood vessel to at least partially close 
a hole formed therein comprising: 



d) a surgical clip releasably supported adjacent 
the distal end of the elongated body and config- 
ured for application to the exterior wall of the 
blood vessel to at least partially close the hole 

5 formed therein, the surgical clip having a pair of 

opposed clip legs connected by a bail portion, 
the bail portion having an aperture provided 
therein to accommodate movement of the loca- 
tor loop between the deployed position and the 

w retracted position; and 

e) an actuation assembly housed within the 
handle portion and operatively connected to 
the actuation handle such that movement of 

75 the actuation handle through a first segment of 

the actuating stroke effectuates longitudinal 
movement of the surgical clip toward the exte- 
rior wall of the blood vessel and movement of 
the actuation handle through a second seg- 

20 ment of the actuating stroke effectuates move- 

ment of the collapsible locator loop from the 
deployed position to the retracted position. 

18. An apparatus as recited in Claim 1 7, wherein a con- 
25 trol rod extends from the handle portion through the 

elongated body portion and is mounted for move- 
ment between a proximal position and a distal posi- 
tion to effectuate the movement of the collapsible 
locator loop between the retracted position and the 
30 deployed position. 

1 9. An apparatus as recited in Claim 1 8, wherein a con- 
trol knob is operatively mounted to a proximal end 
of the control rod to facilitate the longitudinal move- 

35 ment thereof and includes means for releasably 
engaging the handle portion when the collapsible 
locator loop is disposed in the deployed position. 



a) a handle portion including an actuation han- 
dle mounted for movement through an actuat- 40 
ing stroke; 

b) an elongated body extending distally from 
the handle portion and dimensioned to extend 
through a hole in the wall of a blood vessel; 45 

c) a collapsible locator loop operatively associ- 
ated with the elongated body and mounted for 
movement between a collapsed retracted posi- 
tion disposed within a distal end portion of the so 
elongated body and an expanded deployed 
position extending from the distal end portion 

of the elongated body, the locator loop being 
adapted and configured to expand within an 
interior lumen of the blood vessel in the 55 
deployed position to maintain the distal end 
portion of the elongated body in a desired loca- 
tion with respect to the hole in the blood vessel 
wall; 



20. An apparatus as recited in Claim 19, wherein the 
elongated body portion includes an outer tubular 
member mounted for axial movement with respect 
to the handle portion between a proximal position 
and a distal position. 

21. An apparatus a recited in Claim 20, wherein a pair 
of diametrically opposed camming ramps are 
formed adjacent a distal end of the elongated body, 
distal of the clip support position, the camming 
ramps causing the opposed legs of the surgical clip 
to move between a closed positron and an open 
position in response to longitudinal movement of 
the outer tubular member from the distal position 
toward the proximal position. 

22. An apparatus as recited in Claim 21 . wherein move- 
ment of the actuation handle through the first seg- 
ment of the actuating stroke causes the outer 
tubular member to move from the proximal position 
to the distal position, and movement of the actua- 
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tion handle through the second segment of the 
actuating stroke causes the actuation rod to move 
from the distal position to the proximal position. 

23. An apparatus as recited in Claim 22, wherein move- 5 
ment of the actuation handle through the second 
segment of the actuating stroke releases the con- 
trol knob from an engaged position. 

24. An apparatus as recited in Claim 23, wherein the io 
actuating assembly includes a distal actuating 
member connected to a proximal end of the outer 
tubular member and a proximal actuating member 
connected to a release tube which is dimensioned 

to interact with the actuator upon movement of the is 
actuation handle through the second segment of 
the actuating stroke. 



9 



EP 0 774 237 A2 





CVJ> 



10 



EP 0 774 237 A2 



o 



A 



\ 



\ 




11 



EP0 774 237 A2 




EP 0 774 237 A2 




EP0 774 237 A2 




13 



EP 0 774 237 A2 



626 FIG. 9 





626 



63 65 



,64a 



62a" 



60 

i 



FIG. 10 



.63 
65 



14 




15 



EP 0 774 237 A2 




16 



EP 0 774 237 A2 




17 




18 



EP 0 774 237 A2 





20 



EP0774 237A2 




21 



EP 0 774 237 A2 




5 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 774 237 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

30.07.1997 Bulletin 1997/31 

(43) Date of publication A2: 

21.05.1997 Bulletin 1997/21 

(21) Application number: 96116909.1 

(22) Date of filing: 21.10.1996 



(51) int. CI 6 : A61B 17/00, A61B 17/128, 
A61B 17/122 



(84) 


Designated Contracting States: 


• Scott, E. Manzo 




DE ES FR GB IT 


Shelton, CT 06484 (US) 






• Hinchlrffe, Peter W.J. 


(30) 


Priority: 20.10.1995 US 545974 


New Haven, CT 06515 (US) 


(71) 


Applicant: United States Surgical Corporation 


(74) Representative: Marsh, Roy David et al 




Norwalk, Connecticut 06856 (US) 


Hoffmann Eitle & Partner 






Patent- und Rechtsanwalte 


(72) 


Inventors: 


Arabellastrasse 4 


• 


Green, David T. 


81925 Munchen (DE) 




Westport, CT 06880 (US) 





(54) Apparatus and method for vascular hole closure 

(57) An apparatus and method are disclosed for 
applying a surgical clip (22) to an exterior wall of a blood 
vessel (104) to at least partially close a hole (106) 
formed therein. The apparatus includes a handle por- 
tion, an elongated body (20) extending distaliy from the 
handle portion and dimensioned to extend through a 
hole in the wall of a blood vessel, and a collapsible loca- 
tor (60) associated with a distal end portion of the elon- 
gated body (20) and mounted for movement between a 
collapsed position and an expanded deployed position. 
The locator (60) is adapted to expand within an interior 
lumen of the blood vessel to maintain the distal end por- 
tion of the elongated body in a desired location with 
respect to the hole (106) in blood vessel wall such that 
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